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ABSTRACT
Phonological awareness is the ability to attend to and recognize the sound
structure of a language. This skill is known to be important for learning to spell and read
and a lack of phonological awareness skills is linked with reading difficulties. Previous
research has shown phonological awareness training improves phonological awareness
skills, as well as certain aspects of reading (such as word decoding) and spelling (spelling
phonetically consistent words). The research is inconclusive as to whether phonological
awareness training improves broad-based reading and spelling skills. This may be due to
the method of instruction. Systematic (explicit) phonological awareness training has
been largely studied, while non-systematic (embedded) methods have not. Additionally,
phonological awareness training has traditionally been delivered individually or to small
groups; there is little evidence in the literature regarding the efficacy o f large group or
classroom-based training. The purpose of this study was to examine the effect of a
classroom-based embedded phonological awareness program on reading and spelling
abilities in kindergarten children. The study aimed to determine the effects of this type of
phonological awareness training on broader aspects of reading and spelling. The
embedded phonological awareness program was delivered within the regular classroom
setting for an academic year. Three kindergarten classrooms received the intervention
twice weekly and three classrooms served as the controls. Phonological awareness and
spelling skills were measured pre- and post-intervention. Broad-based reading abilities
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(letter identification, concepts about print, word decoding, writing vocabulary, recording
sounds in words, and text level reading) were all measured at the end of the kindergarten
year. The results indicated that students who were exposed to a classroom-based
phonological awareness program taught within the context of reading displayed greater
phonological awareness abilities, spelling abilities and broad-based reading abilities than
students who did not receive the instruction.

x
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CHAPTER 1
INTRODUCTION
In 1997, the National Reading Panel (NRP) was developed in response to a
Congressional request to evaluate the effectiveness of various approaches used to teach
children to read. The panel was composed of leading scientists in reading research, and
also included representatives o f colleges of education, reading teachers, and parents. The
panel identified key areas to be studied and conducted a series of meta-analyses on
selected studies within those areas. Phonemic awareness instruction was one of the areas
studied. The panel identified 52 studies, published in refereed journals, to include in their
analyses. In 2000, the NRP reported their findings and stated that “phonemic awareness
training significantly improves children’s reading ability” (NICHD, 2000). The report
also concluded “that phonemic awareness instruction helped normally achieving children
learn to spell, but the instruction was not effective for improving spelling in disabled
readers” (NICHD, 2000).
Since the report was published, it has come under scrutiny. Some aspects o f the
NRP’s findings have widespread support, whereas others remain controversial. Research
supports the concept that phonological awareness skills and reading ability are correlated
(Adams, 1990; Torgesen, Wagner & Rashotte, 1994; Gillon, 2005). Phonological
awareness skills have also been found to predict reading ability. Savage (2004), for
example, contends that phonemic awareness is among the best predictors of learning to
read successfully. According to the Center for Improvement of Early Reading
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Achievement (CIERA), children who have well developed phonemic awareness skills are
likely to have an easier time learning to read and spell than children who have few or
none of these skills (National Institute for Literacy, 2001). Further evidence of the
importance of phonological awareness can be found in studies of children with
difficulties in reading acquisition. Studies show that deficits in phonological awareness
are linked to, and may be an underlying cause of, reading disabilities (Shaywitz et al.,
1998; Torgesen et al., 1999). This evidence suggests that training phonological
awareness skills is essential for learning to read effectively.
There are concerns with the NRP’s broad recommendation that phonological
awareness training should be an integral component in teaching all children to read,
however. Studies demonstrate that it is possible to improve phonological awareness
abilities through training (Russo, Nicol, Zecker, Hayes & Kraus, 2005; Torgesen et al.
1999), but the majority these of studies have trained children either individually or in
small groups (Gillam et al., 2008; Hurry & Sylva, 2007; Torgesen et al., 1999). The
NRP report has been criticized for generalizing the findings of small group training to
recommendations for classroom instruction. The report itself states that researchers need
to determine experimentally whether small group instruction is more beneficial than
classroom instruction (NICHD, 2000). To date, however, no studies have explored this
question. Also, although the report advocates implementing phonological awareness
instruction in the classroom, the NRP recognizes that there is no clear guidance on how to
do this in the literature.
Since the release of the NRP’s report, numerous books have become available
outlining strategies and offering curricula to train phonemic awareness skills (Blachman,
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Ball, Black & Tangle, 2000; Goldsworthy, 2001). In general, the available programs and
methods have not undergone rigorous study and therefore do not qualify as evidencebased phonological awareness programs. There are a few exceptions, however.
Merzenich et al. (1996), Gillon (2005) and Bernhardt and Major (2005) have created
specific phonological awareness training programs and conducted research on these
programs. However, each of these programs is designed to be delivered either
individually or to small groups of students. To date, there have been no studies showing
that a classroom-based phonological awareness program improves reading and spelling
abilities.
Also, the NRP claims that systematic instruction is more effective than less
systematic instruction. Systematic phonological awareness instruction follows an explicit
approach to teaching skills. Most phonological awareness studies use this model of
instruction. The International Reading Association (IRA, 1998), however, does not
support this model of instruction. The IRA advocates for teaching phonological
awareness skills in a natural context, within literacy. A hybrid approach, named the
explicit-embedded approach by the authors (Justice & Kaderavek, 2004) advocates for a
combination of systematic instruction based upon a developmental hierarchy and taught
within the context of literacy. This approach has not been studied.
Another problem with the NRP’s report is that its claims regarding improved
reading abilities are based on studies that report gains solely in word decoding, nonsense
word decoding (Tallal & Benasich, 2002), or sound-symbol relationships (Gillon, 2005).
The research either does not measure or does not support gains in other areas of reading,
such as concepts about print, text reading or reading comprehension. There are no
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published studies, to the author’s knowledge, that report significant improvements in
broader reading skills, such as text level reading following phonological training. In fact,
Hurry and Sylva (2007) report contradictory results. The authors report that phonological
training improved phonological awareness abilities, but they conclude that children who
received phonological training did not make significant gains in reading. Others have
written about the problem o f claiming improved reading based on measures o f word
decoding. Castles and Coltheart (2004) reviewed more than 70 published studies and
concluded that “no single study has conclusively established that phonemic awareness
training assists reading or spelling acquisition.” (p. 101). Krashen (2004) reviewed the
literature on which the NRP based its findings. He points out that the studies that claim
improvements in reading abilities only show improvement in word decoding abilities, not
reading comprehension.
The NRP reported that phonological awareness training improved spelling
abilities in typically developing children. Also, they reported that phonological
awareness training did not lead to gains in spelling for children with reading difficulties.
Not all research supports these conclusions, however. Byrne, Fielding-Bamsley and
Ashley (2000) and Schneider, Ennemoser and Kiispert (1999) trained children with
reading deficits, and both reported increases in the number of words spelled correctly
following phonological awareness training. Hurry and Sylva (2007) also reported
significant long-term improvement in the spelling abilities o f children following
phonological awareness training. Despite this promising evidence, there is also evidence
that shows a lack of improvement in spelling (Kennedy & Backman, 1993) or gains
limited to nonsense words that have phonetically consistent spelling patterns (Lovett &
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Steinbach, 1997) after children have received phonological awareness training. In
addition, the impact of phonological awareness training on spelling has been less widely
studied than the impact on decoding. Therefore, relatively less is known about the effects
of phonological intervention on spelling than on decoding (Gillon, 2005).
Thus, despite the strong research base that supports a relationship between
phonological awareness and the development of reading and spelling, the exact nature of
the relationship between these two phenomena is not evident. It seems clear that
phonological awareness training improves all children’s performance on tasks of
phonological awareness. Also, the training of children who have deficits in phonological
awareness leads to improved word decoding and possibly improved spelling abilities.
Certain key issues remain unresolved, however. Among these are the following. (1) It is
unclear whether an embedded literacy approach to teaching phonological awareness will
lead to gains in broad-based reading and spelling skills. (2) Small group instruction has
been successful in training phonological awareness, but classroom-based training has
yielded inconsistent results. (3) Whereas phonological awareness training appears to
improve word decoding abilities, the notion that this constitutes improvement in general
reading abilities is unsupported. This study attempts to provide answers to these
questions by investigating the effects of a classroom-based, embedded phonological
awareness program on a general population of students as measured by comprehensive
assessments of phonological awareness, reading, and spelling abilities.

5
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CHAPTER II
REVIEW OF LITERATURE
Phonological awareness has been extensively studied in the last three decades.
Nonetheless, from a historical perspective, the role of phonological awareness in literacy
is a relatively new area o f research. Instructors of reading had previously assumed that if
children are able to produce oral language, they are able to effectively encode and
manipulate all of the individual speech sounds that comprise that language (Savage,
2004), thus possessing phonological awareness abilities. However, research that emerged
in the mid-1970s began to change this way of thinking. Researchers were able to show
that many children required some degree of direct instruction in phonological awareness
before they were able to successfully blend sounds into words for reading or to break
words into sounds for spelling (Liberman, 1973; Liberman, Shankweiler, Fisher &
Carter, 1974). Recent evidence shows a link between deficits in phonological awareness
and the incidence of reading disabilities. These findings have begun a shift in the
methodology of literacy instruction and have spurred continued research into the role of
phonological awareness in reading and spelling.
Phonological and Phonemic Awareness
The phrases phonological awareness and phonemic awareness are both regularly
used in the literature. These similar phrases do not represent the same concept, and they
correspond to different sets of skills. Both concepts focus on the phoneme, however.
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Phonemes are the building blocks of speech, and can be defined as the smallest unit of
sound that can be distinguished in a language (Bernthal & Bankson, 1998). A phoneme
is not a letter, but a representation of the sound that a letter or letters represent. The
International Phonetic Alphabet is the symbol system used to graphically represent the
sounds of spoken language. To indicate that a word is being represented phonemically,
or transcribed, the word is represented by the symbols of the phonetic alphabet and
contained within slashes (Hoff, 2005). For example, the word duck has four letters, but
only three phonemes, and it is transcribed as /dAk/. It can be segmented into three

sounds. Fox has three letters, but contains four phonemes /f oks/.
Phonological Awareness
Phonological awareness includes not only the ability to attend to and manipulate
phonemes, but also the general ability to recognize the sound structure o f a language
(Torgeson & Mathes, 1999). It begins as the broad ability to tune into the sounds and
rhythm of a language and develops into an ability to perceive, analyze, and manipulate
the sounds or phonemes within spoken words (Savage, 2004). In pure form,
phonological awareness is an auditory skill based upon the auditory processing of
phonemes. Phonological awareness encompasses a broad subset of skills, including
general listening, rhyme, word awareness, syllable awareness and phonemic awareness
(Swank, 1999).
Phonological awareness can be divided into shallow-level tasks and deep-level
tasks. Activities such as dividing words into syllables, identifying word boundaries, and
generating rhymes are considered to be shallow-level phonological awareness skills.
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Training in these skills provides the foundation for deeper level skills. Most researchers
agree that while these skills are necessary, training at this level alone will not have an
impact on reading or spelling abilities (Bradley & Bryant, 1983; Torgesen et al., 1999)
Deep-level phonological awareness skills, which are typically later developing, include
the ability to isolate and manipulate individual sounds (Justice & Schuele, 2004). These
deep-level skills are considered to be the highest level of phonological awareness and are
referred to as phonemic awareness.
Phonemic Awareness
Phonemic awareness focuses on the perception and manipulation of sounds or
phonemes. Phonemic awareness involves more than the ability to hear or produce
phonemes in words. It requires conscious attention to the sounds that make up words. It
includes the understanding that words are made of phonemes blended together and that
those words can be broken or segmented into individual sounds (Justice & Schuele,
2004). Phonemic awareness tasks include those such as segmenting (breaking words into
their individual phonemes) or sound blending (fusing individual phonemes into words).
It also includes the ability to manipulate sounds within words, such as changing the Ibl in
bat to /h/ and realizing that a new word, hat, is made.
Auditory Foundation for Phonological Awareness
Phonological awareness is based on the perception and manipulation of sounds,
abilities that involve auditory processes. Children hear whether words rhyme. They hear
alliteration among words. This experience with perceiving speech sounds is essential for
children to develop accurate encoding of sounds within the auditory system. It provides
the foundation upon which phonemic awareness abilities develop, and it begins at birth.

8
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Beilis (2003) explains that infants have the ability to perceive subtle differences in
the linguistic content of auditory stimuli. Evidence shows that infants as young as 4
weeks can discriminate sound contrasts in language (Trehub, 1973). Although they have
the innate capability to discriminate between sounds, infants eventually also must learn to
make distinctions between meaningful and non-meaningful differences in sounds. For
example, they are required to know that the perceptual differences between /p/ and /b/
impact the meaning of words in English. Infants are also required to know that the
differences between an adult male’s production of /b/ and a female child’s production of
Ibl are not linguistically meaningful.
Evidence of these remarkable abilities is found in studies that use high-amplitude
sucking and head-turning techniques. In both methods, infants are repeatedly presented
with same speech sound, with intervals of a novel speech sound presented intermittently.
In the high-amplitude procedure, the infant sucks on an electronically wired nipple.
Researchers measure the infant’s heart rate and rate of sucking. Changes in response
rates are noted. Comparisons are made between the infant’s responses during the samesound condition and the intervals of novel sounds. If the infant’s heart rate and rate of
sucking increases at the presentation of a novel sound, it is concluded that the infant can
tell the difference between the two sounds. For the head tum response, the infant is
conditioned to look at a toy when one sound is heard and at another when a novel sound
is heard. During the training phase, infants are conditioned using pairs of sounds that
they can discriminate. After training, new sound pairs are introduced. Numerous studies
(Aslin, Jusczyk & Pisoni, 1998; Eilers, Wilson & Moore, 1977; Eilers, Gavin & Wilson,
1979) have used these strategies to demonstrate that infants as young as one month have

9
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the ability to discriminate between different speech sounds. The studies have shown that
infants are able to discriminate between both consonant sounds, such as /d/ and /g/, and
vowel sounds, such as /u/ and /aJ. Infants under two months of age have the ability to
discriminate between sounds in all languages. Trehub (1976) presented English-leaming
infants with consonant contrasts that were not present in the English language, consonant
sounds from French and Hindi. None of the infants in the study had been exposed to a
language other than English. Trehub showed that infants ranging from 4 to 6 weeks in
age were able to discriminate consonant contrasts that are present in Hindi or French, but
not in English.
This innate ability fades, however, as infants begin to learn their native language
and focus on the speech sounds of that language. Kuhl and Meltzoff (as cited in Hoff,
2005), using high-amplitude sucking and head-turning techniques, (as described above),
demonstrated that infants between 10 to 12 months were unable to detect consonant
contrasts in a normative language, but maintained the ability to detect contrasts in
English. When the English-leaming infants were presented with the same versus
different speech sounds in an unfamiliar language, they did not show a discemable
reaction. The same procedure was repeated with English consonant sounds and the
infants showed the ability to discriminate between them. The infants also attended to
speech sounds in English for a longer period of time compared to speech sounds in a
normative language. Werker and Tees (1984) reported similar findings. They used the
head-turn technique and showed that English-leaming infants showed an ability to
discriminate between sounds of Hindi at 6 to 8 months of age, but lost the ability by
about 10 to 12 months. Their findings support the idea that although an infant has the

10
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innate ability to distinguish among all speech sounds, they gradually restrict the set of
differences they perceive to meaningful distinctions in the models of language that they
hear.
The infant’s ability to make meaningful distinctions among sounds leads to their
differentiation of morphemes, words, phrases and sentences. Werker, Cohen. Lloyd,
Casasola & Stager (1998) studied word discrimination in infants. They found that 14month-olds were not able to discriminate between words that differed by only minimal
phoneme contrasts, such as /baet/ and /pact/. However, the infants were able to
discriminate at the word level if the pairs of sounds were very phonetically different, such
as /cast/ and /fast/. By 18 months, the infants showed discrimination abilities in all words
tested. Werker et al. (2002) explains that infants create only a rough representation of a
new sound sequences. They initially attend to a new object and new sound sequences,
and then refine their representation as familiarity increases. This continual refinement of
speech sound sequences provides the foundation for phonological awareness. By the
time most children reach preschool they have constructed a repertoire of known sounds
and words along with knowledge of the sound system of language.
The auditory perceptual system of children continues to develop as they reach
school age. In particular, school-age children improve their ability to comprehend speech
in listening conditions where the speech signal is degraded. Two conditions which
degrade the quality o f the phonological representation and make listening more
challenging are background noise, such as that present in a classroom, and connected
speech (Beilis, 2003). Noise masks, or obscures, the phonetic features o f the speech
signal. School-age children develop the ability to reconstruct the absent features when

11
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listening to a degraded speech signal, using linguistic redundancy. They learn to draw
from underlying phonological or morphological representations and rules to do this.
Adults engage in this process efficiently. For example, if presented with the sentence,
“We saw two dog walking,” in an environment where the s on dogs is not audible, the
adult processing system would perceive the s based upon stored knowledge of
morphological rule of pluralization. There is evidence to support the idea that children
are less able than adults to perceive speech in noise. Elliot, Connors, Kile, Levin, Ball
and Katz (1979) presented single words to children and adults in both quiet and noisy
conditions. The subjects were simply required to repeat the word. In quiet, both groups
achieved the same relative level of success. However, when the words were presented in
noise, at -10 dB signal to noise ratio, children under the age of 10 performed significantly
worse than adults, while children 10 years or older performed about the same as adults.
Speech signals also become degraded during connected speech. During
conversation, some word boundaries become blurred and some speech sounds take on the
characteristics o f neighboring speech sounds. This is referred to as the co-articulatory
effect of continuous speech. The result is that speech sounds found in connected
conversational speech offer a less clear representation of phonemes. For example, the
phonemes in the words ‘did’ and ‘you’ in isolation are very clear. Often in conversation,
however, as in the question “Did you call home?”, the ‘did’ and ‘you’ become blended
into /dld3U /. Researchers have investigated factors affecting the perception of
conversational speech. Cole and Perfetti (1980) studied the perception of speech during
conversation by including mispronounced words in the conversation. They measured the
amount of time it took subjects to recognize a mispronounced word, identify the intended
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word, and identify the phonetic error. In the study, children were much more likely than
adults to overlook mispronounced words. They also found that 4- to 6-year olds detected
mispronunciations in single words more accurately than in conversational speech.
Interestingly, once a mispronunciation was detected, there was no difference in the ability
of children as compared to adults in identifying the correct pronunciation. The results
illustrate that although children do have the ability to accurately recognize words in
isolation; during typical conversation this ability is impaired due to co-articulatory
effects.
Development of Phonological Awareness
Phonological awareness abilities are built upon the attention to meaningful
differences in speech sounds but follow a separate developmental sequence than auditory
discrimination. Gillon (2005) describes phonological awareness as developing along a
continuum with increasing levels of difficulty. Initially, children’s phonological
awareness is directly related to the meaning of language. They understand whole phrases
as unanalyzed semantic units. Then they begin to appreciate that meaning can be
affected by smaller units of speech, such as syllables and phonemes. As phonological
awareness develops, children begin to understand that manipulating words impacts the
overall meaning of an utterance. For example, they appreciate the difference in meaning
that results from changing a small dog to a huge dog. They therefore begin to recognize
individual words as independent units. This realization is refined to awareness that words
contain parts. Word awareness continues to emerge as children identify whole words
within compound words, such as the words cow and boy as in cowboy. Children can
isolate cow and boy and talk about their meanings separate from the initial word cowboy.

13
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Next, children become aware that words have a syllabic structure. They are able to
complete tasks such as identifying the number o f syllables in words or deleting syllables
from words. Syllable awareness is followed by recognition of onsets and rimes. The
onset o f a syllable is the segment that precedes the syllable nucleus. The rime contains
the syllable nucleus and the sounds that follow it. For example, in the word stump the /st/
make up the onset and / Amp/ constitutes the rime (Savage, 2004). The ability to identify
onsets and rimes begins as children become aware of rhyming words. They are first able
to identify rhyming words and are later able to generate a rhyme when given a word.
The highest level of phonological awareness is reached when a child realizes that
words are made up of individual sounds and that those sounds can be manipulated. This
level is called phonemic awareness and is made up of a series of realizations that do not
appear to develop in a systematic order. Phoneme identification is the ability to identify
the initial or final sound in a word. In general, children develop the ability to identify the
initial sound before the final sound. The ability to segment a word into its individual
sounds is phoneme segmentation, and the ability to blend speech sounds together to form
a word is phoneme blending. The ability to manipulate and delete sounds from words is
the final component of phonemic awareness (Gillon, 2005).
It is evident that phonological development follows a general progression. The
age equivalency at which specific sets of phonological skills are achieved has been
studied. A longitudinal study by Carrol, Snowling, Stevenson and Hulme (2003)
investigated the progression of phonological awareness skills. They administered five
phonological awareness tasks to 67 children, ranging from 3 to 4 years, over a one year
period. On the first administration of the tasks, only 15% of the subjects scored greater
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than what would be expected by chance on syllable awareness. This number increased to
39% of the subjects on the second administration, four months later. Initially 24% of
subjects showed awareness of rime, followed by an increase to 45% on the second
administration and 66% by the third. The ability to isolate phonemes was more
challenging for 3- and 4-year old subjects. Only 3% were able to complete the task at a
level greater than chance on the first administration. This increased to 16% on the second
and 51 % by the third. The performance of the children in the study supported the belief
that phonological awareness skills follow the progression of syllable awareness to onsets
and rimes, followed by phoneme awareness. Johnson, Anderson and Holligan (1996)
studied 4- and 5-year old children. They determined that the majority o f their 4-year old
subjects demonstrated syllable awareness, and nearly half showed evidence of rhyme
awareness. Sensitivity to phoneme awareness was found to be emerging but not mastered
in the 5-year-old subjects. That is, the 5-year-old subjects were not able to achieve a
score greater than that expected by chance on tasks of phoneme matching, blending and
segmenting.
Typically, information on expected levels of performance on phonological
awareness skills is grouped by general age categories. A meta-analysis conducted by
Justice and Kaderavek (2004) determined developmental expectations, based on a 75%
mastery level, for each level of phonological awareness. They found that word and
syllable awareness emerge in early to late preschool, followed by rhyming ability.
Awareness of initial sounds begins in late preschool or early kindergarten. This skill is
followed by onset/rime awareness. Onset/rime blending emerges in late preschool and
onset/rime segmenting in kindergarten. The ability to identify phonemes develops in
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kindergarten. Phoneme blending and segmenting develop as children are exposed to
letters and taught about the relationship between sounds and letters in kindergarten and
first grade. Phoneme awareness is essential to learning to read and write in an alphabetic
language which relies on sound-symbol relationships, such as English (Snow, Bums &
Griffin, 1998). It is at this level that formal reading instruction begins in most American
schools.
The Relationship Between Phonological Awareness and Literacy
A substantial number of studies link phonological awareness to reading and
spelling ability. Four possible relationships between phonological awareness and reading
surface in the literature. First, phonological awareness may be a prerequisite for reading.
That is, without phonological awareness abilities, reading acquisition is severely limited.
Second, phonological awareness may act as a facilitator, enabling children with it to learn
to read faster than those who have limited phonological awareness. Third, phonological
awareness may be a correlate of reading. That is, phonological awareness may be related
to reading only by a common underlying variable such as IQ or vocabulary skills.
Finally, phonological awareness may be a consequence of learning to read. It may be
that phonological awareness is a by-product, rather than the cause of reading ability
(Ehri, 1991).
An in-depth investigation o f reading ability over time by Juel (1998) illustrates
the first possible relationship between phonological awareness and reading. This
frequently cited study supports the idea that phonological awareness is a prerequisite for
reading. The purpose of the study was to examine literacy acquisition in at-risk children.
A total of 54 participants underwent testing twice a year from first grade through fourth
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grade. At each session, the subjects completed a series of tasks that measured phonemic
awareness, decoding, word recognition, listening comprehension, reading
comprehension, home reading, attitude toward reading, IQ, spelling, and writing abilities.
Analysis o f the data revealed that participants who scored lowest on measures of
phonemic awareness also fell in the lowest quartile in reading comprehension in first
grade. These same students with initially poor phonological awareness scored in the
lowest quartile for reading comprehension at the end of fourth grade. The probability
that a child would remain a poor reader in fourth grade, if a child was a poor reader in
first grade was .88. This impact carried over to written language as well. Poor reading
ability was correlated with poor writing ability. These findings support the inference that
students with little or no phonemic awareness abilities in first grade continued to lag
behind peers in both reading and spelling in later grades.
Very few studies have sought to show the second possible relationship, which is
the idea that phonological awareness can facilitate or cause improvements in reading
abilities. Torgesen, Wagner and Rashotte (1994) designed a study with the goal of
showing that phonological awareness facilitates reading. They also wanted to show that
the relationship between phonological awareness and reading success is a not due to
extraneous variables, such as vocabulary or general intelligence. Therefore, the results
could potentially support the idea that weak phonological awareness causes poor reading.
As a first step, the authors reviewed several studies and identified factors that limit the
studies’ ability to make causal claims. Vocabulary ability, reading ability, and level of
phonics instruction are all known to have an impact on reading ability, and if not
accounted for may be confounding variables in a study. Therefore, the authors measured
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these abilities, thus allowing them to control for the variability in reading attributed to
these factors. In this way, the authors were better able to isolate the effects of
phonological awareness on reading. The participants, 288 kindergarten students, were
given a battery o f 22 tasks that assessed phonological abilities, word decoding skills
(reading) and verbal ability. The children were tested again in the first grade and again in
the second grade. The results of the study show a strong correlation between
phonological abilities in kindergarten and decoding ability in the first grade.
Phonological awareness abilities in the first grade were also highly correlated with
decoding in the second grade. The authors conclude that phonological awareness
abilities in kindergarten and first grade caused improved decoding (reading) skills in
second grade. The authors note that they found a statistically significant causal influence
of phonological awareness on reading, but the statistical analysis used to derive the causal
coefficients was not explained.
Hogan, Catts & Little (2005) found that phonological awareness abilities predict
reading abilities, but they also found that phonological awareness may develop as a result
of reading itself. The authors studied the relationship between letter identification,
phonological awareness and word reading. Using a longitudinal design, they measured
phonological awareness abilities, letter identification, word reading and phonetic
decoding of 570 children in kindergarten, second, and fourth grades. The data was
analyzed using path analysis, which is similar to regression analysis, but allows for an
estimate of measurement error. Two key findings came out of the study. First, the
analysis showed that phonological awareness in kindergarten students was the strongest
predictor of reading ability in the second grade. However, this pattern changed in older
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students. The researchers found that phonological awareness in the second grade was not
the leading predictor of fourth grade reading abilities. Second grade word reading was
the strongest predictor. The authors point out that beyond the first grade, phonological
awareness skill may offer little information to predict word reading. They emphasize that
word reading itself should be used to make predictions about future reading outcomes in
second grade. The authors conclude that initially phonological awareness may act as a
necessary precursor to reading, but as children engage in the reading process, reading and
phonological awareness interact in a reciprocal developmental relationship. These
findings are supported by Bell, McCallum and Cox (2003), who also suggested that once
children begin reading, phonological awareness abilities develop with exposure to text.
They also suggest that if a child is able to read, then reading itself may be the best
indicator of future reading abilities rather than measures of phonological awareness.
Although the exact nature of the relationship between phonological awareness,
reading and spelling abilities may not be clear, the fact that a connection exists is
indisputable. There is a body of evidence to support several views of the relationship
among reading, spelling and phonological awareness. In general, the literature suggests a
multidimensional relationship between phonological awareness, reading and spelling
abilities. To some degree phonological awareness functions as both a precursor to
reading and a facilitator of the reading process. It also develops along with reading.
Additionally, phonological awareness appears to be correlated with other variables, such
as vocabulary and general intelligence.
Phonological Awareness and Dyslexia
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Further evidence of the relationship between phonological awareness and reading
abilities exists in studies that have examined neurological phenomena in subjects with
reading disorders or dyslexia. It has been suggested that children with dyslexia are
unable to accurately encode speech sounds. Phonological awareness is not possible
without accurate representation of speech sounds. Dyslexia is defined as a low reading
ability compared with that expected from general cognitive abilities, which cannot be
explained by lack or education or emotional stress (Diagnostic and Statistical Manual of
Mental Disorders; DSM-IV, 1994). It is a general difficulty in learning to read that
cannot be attributed to deficits in intelligence, lack of instruction, or other specific causes.
Dyslexia is a specific reading disability that affects between 5 and 17.5% o f the
population (Shaywitz et al., 1998; McCormick, 2003). Shaywits et al. (1998) notes that
“reading disabilities (developmental dyslexia) is one of the most common neurological
problems affecting children and adults.” p.926. Poor phonological awareness has
recently been identified as a possible contributing factor to dyslexia.
In the mid to late 1900s research emerged that caused a shift in the theoretical
framework explaining dyslexia. Traditionally, dyslexia was considered to be primarily a
visual problem, initially referred to as congenital word-blindness. Intervention focused
on teaching whole words and improving eye movements (McCormick, 2003). However,
research that showed a correlation between poor phonological processing abilities and
reading disorders began to influence the way in which we understand dyslexia (Elliot,
Hammer & Scholl; 1989). Research suggested that children with dyslexia are unable to
accurately form a neural representation of speech sounds. Several studies cite deficits in
phonological processing as the underlying cause of dyslexia (Ahissar, Protopapas, Reid
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& Merzenich, 2000; Shaywitz & Shaywitz, 2005; Shama, Purdy, Newall, Wheldall,
Beaman & Dillon, 2006).
Recent developments in neuroscience have allowed for the investigation o f the
relationship between phonological awareness and reading at the level of the brainstem
and cortex. Electrophysiological procedures can measure the electrical activity generated
by neurons, and include speech-evoked auditory brainstem measures (ABR) and
mismatch negativity (MMN). Functional magnetic resonance imaging (fMRI) allows for
the visual observation of brain function by illuminating metabolic activity with the brain.
These techniques have become the primary methods used to investigate the neurological
response to phonological processing and reading. The observed neural activity is
described in terms o f processing, since ‘awareness’ cannot be measured. In this section
the term phonological processing will be substituted for phonological awareness.
Auditory brainstem response (ABR) maps the processing of information at
specific points of the brainstem. The ABR is recorded by placing electrodes at specific
locations on the head, typically one at the vertex, another near the ear on the stimulated
side, and another grounded electrode often placed on the forehead. An auditory stimulus
or click is presented, and the electrodes detect the bioelectric activity that results. A
waveform is generated, with identifiable peaks. The peaks are labeled I-V and thought to
be correlated with neural activity at specific points along the central auditory pathway
beginning at the eighth cranial nerve and ending at the inferior colliculus. Peak latency,
or time lapse between the stimulus and the peaks, along with the peak amplitude, can be
compared to normative data (Hall, 2007).
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The brainstem response to typical speech can be measured using speech-evoked
brainstem responses (speech-ABR). Studies have used speech-ABR to show that
children with reading disorders process auditory information differently than children
without reading disorders. The results show that delayed brainstem responses, in the
form of increased peak latencies, are correlated with reading difficulties. King, Warrier,
Hayes, & Kraus (2002) investigated the brainstem timing differences between a control
group and a group diagnosed with a reading disability. All subjects showed normal
responses to click stimuli. This means that the neural response to non-speech auditory
stimuli was normal in all subjects. However, when presented with speech stimuli (the
syllable /da/), the speech-ABR latency values showed significant differences. The
reading impaired group showed significant delays in the processing of speech stimuli as
compared to the control group. This indicates that some children with reading disabilities
show abnormalities in the neurological representation of speech sounds at the level o f the
brainstem.
Cunningham, Nicol, Zecker, Bradlow & Kraus (2001) used behavioral measures
along with speech-ABR to show that children with reading disabilities performed
significantly worse than a control group on discrimination of conversational speech in
noise. As mentioned, speech discrimination in background noise is a more difficult task
than in quiet. Nine typically developing children were selected to serve as the control
group, while nine children with learning problems in reading (LP) served as the
experimental group. The researchers presented the speech syllables /ada/ and /aga/ in
quiet and in background noise. The first measure was a behavioral test. Subjects were
required to indicate whether two syllables sounded the same or different. All subjects
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were able to discriminate just noticeable differences between the two syllables when
presented in quiet, and both groups showed more difficulty discriminating speech in
noise. However, in noise the LP group performed significantly worse than the control
group. They were less likely to report that they heard the differences between the two
syllables when they were presented in background noise.
The researchers also compared the neural responses between the two groups.
Using speech-ABR, the researchers analyzed brainstem responses of the subjects in both
the quiet and in noisy conditions. The results revealed no significant difference in the
processing of speech in quiet, but the LP group again performed significantly more
poorly than the control group when speech was presented in noise. The LP group showed
significantly longer peak V latencies than did the control group. Thus, children with
reading problems may have more trouble than typical readers accurately encoding speech
sounds in the presence of background noise, and this difficulty may have its basis in
slower neural processing. The study provides insight into why such children may be
challenged in classroom environments, where background noise is typically present.
A similar, larger scale study was conducted measuring the encoding o f speech
sounds in background noise by Warrier, Johnson, Hayes, Nicol & Kraus (2004). One
hundred twelve children participated in the study, with 32 in the normal group (NL) and
80 in the learning problem group (LP).

For this study evoked responses at the cortical

level were elicited using the synthesized speech syllable /da/. The synthesized /da/
contained altered formants. Subjects heard enough acoustical information to perceive the
sounds as /da/, although the sound was slightly modified for each presentation.
Waveform morphology and peak latency were analyzed. Children in the LP group
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showed decreased amplitude and longer latencies as compared to the control group. This
suggests that background noise impacts the timing of cortical activity in response to
speech, in children with reading problems. The results of this larger study are consistent
with the speech-ABR findings of Cunningham, Nicol, Zecker, Bradlow & Kraus (2001).
The authors suggest that children with learning problems show fundamental differences
in the way that they physiologically encode complex acoustic information such as speech.
These differences increase in background noise or other challenging listening conditions.
Listening to speech presented at a rapid rate is also taxing to the auditory system.
Wible, Nicol & Kraus (2004) hypothesized that neural responses to rapid stimulus
presentations, as measured by speech-ABR, would be different in typically developing
children than in children with learning disabilities. The researchers studied 11 children
with a previous diagnosis of reading disorder (LP) and 9 typically developing children
(NL). All children were presented with a synthesized speech stimulus /da/. The vowel
/a/ was abbreviated to allow increased presentation rate and brainstem responses were
recorded. Analysis revealed that significant differences existed in the wave morpohology
o f the children in the LP group as compared to the NL group. The LP group showed
degraded, less steep waveforms than the NL group. Further analysis showed similar
group responses in waves I and III, which are thought to reflect activity from the auditory
nerve to the cochlear nucleus. The difference between the two groups emerged at wave
V-Vn, which is believed to represent the lateral lemniscus and inferior colliculus, at the
level of the brainstem. The authors offer these data as support for theories that propose
low-level sensory processing deficits as bases for reading problems.
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If abnormal low-level processing is a basis for reading problems, it could be
argued that children with reading disorders have auditory processing disorders. Sharma,
et al. (2006) investigated the auditory processing abilities of children diagnosed with a
reading disorder using both behavioral and electrophysiological measures. They tested
three groups of children. The first was a control group (CG) that contained 21 children.
The second group was made up of 15 compensated readers (CR), which the authors
describe as children who have a history of reading problems, but no current reading or
spelling problems. Twenty-three children with a diagnosis of reading disorders (RD)
were included as the third group. Behavioral testing of reading ability included a test of
real word reading, nonword reading, and an assessment of reading fluency. Receptive
vocabulary also was measured. The results showed that the RD group scored lower than
the other two groups on all reading measures, which is consistent with a diagnosis of a
reading disorder. The CR group achieved significantly lower scores on reading fluency
and nonword reading than did the control group, but not on reading real words. Because
nonwords carry no semantic information, decoding ability is based solely on phonemic
awareness. This suggests that the children in the CR groups may continue to struggle
with phonological awareness even though their reading abilities are within the average
range.
The participants’ auditory processing abilities were evaluated using a battery of
behavioral tests, including dichotic digits, frequency pattern, random gap detection, and
speech-in-noise. Group differences emerged on the behavioral measures of auditory
processing. The CG and CR groups performed significantly better than the RD group on
all measures. All children with reading disorders showed deficits on at least one

25
permission of the copyright owner. Further reproduction prohibited without permission.

behavioral auditory processing task. Although there was not a significant difference in
the performance o f the CG as compared to the CR, the pass rates were lower for the CR
group, and five children within the group failed at least one of the behavioral tasks.
The authors point out that many of the behavioral tests of auditory processing
require labeling of the target item, which may inadvertently measure vocabulary ability
or attention. Therefore, it is difficult to draw conclusions specific to the auditory
mechanism. Because of this, the authors included an electrophysiological measure in the
study. Electrophysiological measures reduce these possible confounding variables.
Mismatch negativity (MMN) is a type of evoked response that measures late potentials.
Participants do not have to verbally respond, or even attend to the stimulus. MMN
measures cortical responses to a change in auditory stimulus, specifically within the
temporal lobes. The MMN response is evoked by presenting a series of predictable
stimuli interrupted by an unpredictable odd acoustic stimulus presented randomly. The
result is the generation of a negative waveform in response to the odd stimulus (Hall,
2007).
The MMN results offer further evidence of processing differences between the
three groups. The authors presented increasingly complex stimuli (tones, chords, speech)
to all subjects. They analyzed the resulting waveforms to determine if differences in
cortical responses existed between the groups. There was no difference in group
response to tones and only minimal differences to chords. The RD group showed a nonstatistically significant reduced response to chords. However, the analysis showed
significant group differences in response to the speech stimulus /ga/. The RD group
showed an absence of MMN response as compared to the other groups. An absent or

26
with permission of the copyright owner. Further reproduction prohibited without permission.

small response is thought to be indicative of discrimination problems. The collective
behavioral and electrophysiological evidence supports the notion that all children in the
RD group showed some evidence of an auditory processing problem.
A more accurate measure of cortical processing of phonological information may
be found in studies that utilize fMRI. During a cognitive task, metabolic activity is
increased. This causes increased blood flow to the specific regions of the brain that are
involved in the task. Magnetic scanners detect the levels of oxygen that accompany
increased blood flow to a particular area of the brain (Carlson, 2007). Therefore it is
possible to visualize areas and patterns of activation during tasks, such as reading.
Shaywitz et al. (1998) used fMRI technology to identify significant differences in
brain activation patterns in dyslexic readers as compared to a control group. The
researchers sought to determine the location and functional disruption of neural systems
that underlie dyslexia. According to the researchers, earlier studies of dyslexia using
fMRI had been inconclusive. Shaywits speculates that this is due to the unsystematic
nature of the reading tasks used in previous designs. She points out that the reading tasks
tapped several aspects of the reading process simultaneously. To separate the several
aspects, the tasks were structured in a hierarchy from high orthographic-low phonological
processing to low-orthographic-high phonological processing. The first task was an
upper and lower case letter judgment task. This measures orthographic processing with
no phonological demands. In the next task, participants were required to determine
whether specific letters rhyme. This involves orthography along with more phonological
processing. Nonword rhyming was the third task, which again increases the demands on
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phonological processing. All items required a simple same or different judgment by
subjects.
The participants, 29 dyslexic individuals (DYS) and 31 normal readers (NI), were
all right-handed adults and had IQ scores within the average range. Functional imaging
was performed on all subjects during each of the processing tasks. Analysis of the
images revealed that differences between the NI and DYS groups emerged as tasks
increased from high orthographic - low phonological to low orthographic-high
phonogical. The DYS group showed less activation in the superior temporal gyrus
(Wernicke’s area), angular gyrus, inferior lateral extrastriate, and visual cortex as
compared to the NI group. However, they also showed greater activation in the inferior
frontal gyrus and Brodmann’s areas 46, 47, and 11. The authors point out the most
significant finding is the generalized reduced activation in the left hemisphere in dyslexic
readers. Among other functions, these regions are responsible for receiving auditory
information and attaching meaning to it. According to the authors, these findings add
neurobiologic support for previous behavioral findings that identify phonological
processing deficits as an underlying cause of dyslexia.
The mature neural system of a dyslexic adult may show evidence of
compensatory strategies, and therefore the results of adults should not be generalized to
children with a developing neurological system. Shaywitz et al. (2004) compared the
neural activation of typical and dyslexic children to determine if disruptions that have
been found in adults were also evident in the developing system of children with
dyslexia. Two groups of participants, normal and dyslexic children, participated in
functional imaging while reading real and pseudowords. Significant differences in
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activation patterns were found in nonimpaired children as compared to children with
dyslexia. The authors found that dyslexic readers demonstrated reduced activation in
several regions within the left hemisphere. Shaywitz et al. (2004) has referred to the
pattern of reduced left-hemisphere activation in dyslexic readers as the neural signature
of dyslexia.
Others have questioned whether the deficits observed during reading are strictly a
result of processing phonological information or a response to processing rapidly
presented auditory information in general. The auditory temporal processing deficit
hypothesis (Tallal, 2003) claims that dyslexia may be caused by the inability to process
rapidly changing auditory information, predominantly but not limited to phonemes. To
test this theory, Gaab, Gabrieli, Deutsch, Tallal & Temple (2007) studied neural
responses of children with dyslexia in response to nonlinguistic rapid acoustic stimuli.
They hypothesized that there would be a link between neural responses to rapid spectrotemporal processing and reading ability. Their study included 22 children with dyslexia
and 23 typically reading children. Participants were presented with nonlinguistic stimuli
designed to mimic the spectro-temporal structure of syllables in English speech. The
stimuli were categorized as either rapid or slow frequency transitions. Functional images
were recorded and analyzed during the presentations. All subjects showed greater
activation for the rapid transitions than for the slow frequency transitions, with a few
exceptions. Children w iti dyslexia did not show any differences in activation in the left
prefrontal region. Typical reading children also displayed greater activation than the
children with dyslexia within the bilateral cingulate gyrus, left parieto-occipital sulcus
and left inferior frontal gyrus. The authors suggest that children with dyslexia lack neural
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functionality in processing the differences between rapid and slow acoustic transitions.
This collection of evidence suggests neurobiological differences in the way that children
with reading disabilities process phonological input.
Phonological Awareness Training
As the correlation between phonological awareness and literacy became apparent,
researchers began to focus on the question of whether training phonological awareness
would improve reading and spelling abilities. The evidence suggests that children with
phonological delays in early years do not catch up with exposure or maturity. The early
deficits in phonological awareness emerge as later difficulties in reading and spelling
throughout elementary school. Adams (1990), for example, found that about a third of
students require direct assistance to promote development of phonemic awareness skills.
Studies show that direct training of phonological awareness improves
phonological awareness abilities. Direct phonological awareness training also has been
shown to improve some aspects of reading (primarily word decoding) and spelling.
Torgerson, Wagner & Rashotte (1994) found that typically developing children
demonstrated a significant improvement in phonological awareness following an 8 week
phonological awareness instruction period. The children in the study participated in
small group training sessions, focusing on instruction in rhyming, phoneme segmenting,
and phoneme blending. Following the training, the children showed gains in all of the
trained areas as measured by researcher-designed pre- and posttest measures.
Warrik, Rubin, and Rowe-Walsh (1993) reported similar results in children with
language impairments, which is a population known to have deficits in phonological
awareness. They studied 28 kindergarten students with either expressive or receptive
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language impairments. The subjects were divided into two groups. One group received
intervention and the other did not. A third group of typically developing children served
as a control group. The children assigned to the intervention group received small group
instruction in phonological awareness twice a week for a period of 8 weeks. The results
of pretest/posttest analysis showed that the children who participated in the training
performed significantly better on measures of phonological awareness than those who did
not. The majority of children in the intervention group reached the same levels of
phonological awareness as typically developing children in the control group.
Gillon (2005) investigated the effects of training phonological awareness in 3and 4-year old children and found that at this age, training also improves performance. In
the United States, literacy instruction typically begins in kindergarten. Therefore,
children would benefit from a strong phonological awareness foundation as they enter
kindergarten. This study aimed to show that phonological awareness training was
feasible in children prior to kindergarten. Twelve children were trained individually on
rhyme oddity and phoneme matching tasks. A control group received no training. The
results o f this study were in accord with previous training studies. The analysis of the
data showed that training led to a significant improvement in the 3- and 4- year olds’
performance on measures of rhyme oddity and phoneme matching as compared to the
control group.
Individual or Small Group Training
Improvement in phonological awareness is not the ultimate goal of phonological
awareness training, however. Phonological awareness training is aimed at improving
reading and spelling abilities. Studies measuring the impact of phonological awareness
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on reading and spelling can be broadly categorized into two models. The first, individual
or small group intervention has been widely studied. The second, large group or
classroom instruction has not.
In a landmark phonological awareness training study, Bradley and Bryant (1983)
were able to systematically show that small group phonological awareness training
facilitates reading and spelling abilities. They tested 368 children ranging from 4 to 5
years of age over the course of three years. At the beginning of the study, none o f the
subjects was able to read words. The subjects’ vocabulary and intelligence abilities were
measured and were used as covariates for statistical analysis. In this way the authors
could control for the variance in reading and spelling scores that was attributed to
vocabulary ability or general intelligence.
For the study, the authors created a sound categorization test, which essentially
measured rhyme and alliteration abilities. The participants were presented with a set of
four words. Three of the four words contained the same initial, medial, or final sound,
and the children were required to identify the word that did not follow the sound pattern.
For example, a child would hear “pig”, “pin”, “hill”, and “pat”, and identify “hill” as the
odd word. Subjects who performed poorly on the test, a total of 65, were selected for 40
individual phonological awareness training sessions spanning more than two years.
Participants were randomly assigned to one of four conditions. Group I received sound
categorization training only. Group II received sound categorization training paired with
orthographic representation of letters of the alphabet. Groups III and IV served as
controls, with Group III receiving concept categorization training and Group IV receiving
no training. Posttesting consisted of two separate word decoding subtests and a spelling
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measure. At the end of the two year training, Groups I and II performed significantly
better on measures of reading and spelling than Groups III or IV. The authors use this
evidence to suggest that training phonological awareness along with the visual
representation of the letters causes improved reading and spelling abilities.
Another large scale study that used a one-on-one training model found that
phonological awareness training improved several aspects of literacy, including word
decoding, spelling, and reading comprehension. Torgesen et al. (1999) screened
kindergarten students and selected the 188 children who obtained the lowest combined
scores on a task of letter naming and a phoneme elision task. These children were
randomly assigned to one of four groups. Group 1 (no treatment control-NTC) served as
the control group and received no intervention. The remaining three groups each
received four 20-minute sessions of one-to-one instruction per week for a period o f 2
and-a-half years. Group 2 (phonological awareness plus synthetic phonics-PASP)
received the Auditory Discrimination in Depth Program (Lindamood & Lindamood,
1984). In this program children are encouraged to discover and label the articulatory
gestures associated with the production of each phoneme. The third group (embedded
phonics-EP) received instruction in embedded phonics. Instruction for this group focused
on teaching small groups of whole words, teaching sound-letter correspondence in the
context of sight words being learned, writing words in sentences, and reading the
sentences that were written. Group 4 (regular classroom support-RCS) received
individualized tutoring based upon the reading instruction that they were receiving in
their classroom. The activities varied according to what was being targeted in each
classroom during reading lessons.
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Over the course of the study, 23% of the children dropped out. The data from 138
students was included in the analysis. Data collection began in kindergarten and was
completed in the second grade. At all three levels of testing (end of kindergarten, end of
the first grade and end of the second grade), the PASP group performed significantly
better than the other groups on measures of phonemic decoding. The PASP group also
performed better than the NTC and RCS groups at real word decoding, but there was no
significant difference between the PASP and EP groups. No significant differences were
found among the four groups on measures of reading comprehension. Although a level
of significance was not reached, the authors note that the passage comprehension level
for children in the PASP and EP groups fell within the low end of the average range. The
scores of children in the NTC and RCS groups fell just below the average range. The
groups also scored differently on measures of spelling ability, with the contrast between
the PASP group and the NTC group reaching significance. Although the study was able
to show significant differences in level of achievement, the authors note that children in
the PASP group received both more intensive and more explicit instruction in phonemic
awareness. Therefore, it is not possible to identify which variable was more important to
their success in decoding.
Castle, Riach, and Nicholson (1994) studied the effects of teaching phonological
awareness within the context of a whole language program. The study was conducted in
New Zealand, where direct phonics instruction is not incorporated into reading
instruction, as it is in the United States. The researchers wanted to determine if the
addition o f phonological awareness training had a greater effect on learning to read and
spell than the whole language curriculum alone.
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Children were screened using a measure o f phonological awareness. Those who
scored in the bottom half, 28 students, were selected for the study. These students were
then divided into an experimental group and a control group. The experimental group
received small group instruction in phonological awareness for 20 minutes, twice weekly
for 10 weeks. All subjects completed pre- and postmeasures of phonological awareness
ability, real and pseudoword reading, and spelling. The results of data analysis indicate
that the group trained in phonological awareness showed significant improvements in
phonological awareness abilities. This finding is consistent with the previously described
studies. The results also indicted that phonological awareness training significantly
improved spelling as measured by a standardized spelling test and an experimental
researcher-designed spelling test. However, no significant difference between the groups
was found for a dictation task that measures spelling ability at the sentence level. The
reading results indicated that phonological awareness training improves decoding
abilities in real and pseudowords. There was no significant difference between the
groups on concepts about print or book level (which is a measure o f text reading). The
authors suggest that phonemic awareness instruction enabled the subjects to acquire
grapheme-correspondence skills that are not formally taught within the whole language
approach to reading, which enhanced their performance in reading and spelling. Those
gains were limited to the word level, however.
Blachman, Tangel, Ball, Black and McGraw (1999) came to a similar conclusion
in a two-year study. They trained teachers to provide phonological awareness instruction
to kindergarten children in small groups of 4 or 5 students for 20-minute lessons over an
11 week period. Although the children were trained in small groups, the instruction took
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place within the regular classroom setting. At the end of the first year, the trained group
was superior to the control children in terms of phonological awareness, letter name and
letter sound knowledge, reading phonetically regular real words, and pseudowords and
developmental spelling, but not in word identification (reading a combination of phonetic
and non-phonetic words). In the first grade, the treatment group received a systematic
reading program that incorporated phonological awareness along with text reading and
dictation. The control group used a basal reading program. The results from posttesting
after the second year of training indicate that the experimental group again outperformed
the control group on each measure as they did the previous year. In addition, in the
second year, the difference between the experimental group and the control group was
marginally significant (p=0.056) on word identification.
For the second year follow-up, testing was conducted at the end of the second
grade. No intervention was provided during the year. This time, the experimental group
scored significantly higher on all measures of word reading, but did not score
significantly differently on measures of spelling. The results of the study provide
evidence of transfer from training in phonological awareness to performance on measures
of word reading. However, evidence of its effect on spelling is not as convincing.
The evidence reviewed thus far supports gains in reading and spelling following
phonological awareness training. There are several potential problems in these studies,
however. First, in all of the studies the students were trained either individually or in
small groups. In a number of studies, the small group intervention was provided in
addition to the literacy instruction that was already being provided in the school setting.
Therefore, it could be argued that these children showed improvements because of the
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added instructional time. Another concern is whether the gains in small group or
individual training were due to the nature of a small group interaction. Children may
make gains on specific areas if given direct adult attention, regardless of the intervention
method that is used. A fmal problem is that small group training typically takes place in
a quiet setting that offers a more favorable acoustic environment than a classroom.
Phonological awareness is an auditory based skill, therefore it is problematic to assume
that gains found during small group or individual training would be replicated through
classroom training. However, the National Reading Panel (2000) did not recommend
small group training. The report suggested that integrating phonological awareness
instruction in classrooms would improve reading and spelling abilities.
Classroom or Large Group Training
Support for classroom phonological awareness training can be found in a limited
number of Scandinavian and German studies. The first study of this kind was conducted
in Denmark by Lundberg, Frost and Peterson (1988). The researchers selected several
schools with similar socioeconomic demographics and selected kindergarten classrooms
within those schools for the investigation. Classroom teachers in the intervention schools
agreed to participate. They attended inservice training on the theoretical background of
phonological awareness and watched videotaped examples of phonological awareness
instruction. Before the project started, the teachers practiced the program for an entire
year in their classrooms. During that year, the teachers refined their instruction in the
program so that they had a year of experience teaching phonological awareness when the
actual experiment began.
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The experimental group consisted of 235 children attending 12 different
classrooms. The 155 children in the control group attended 10 different classrooms. In
the beginning of the year, all children were pretested with a number of phonological
awareness and reading tasks. Children in the experimental group received a year long
training program, lasting 15-20 minutes daily, delivered in their regular classroom setting
by their classroom teacher. At the end of the year, all students completed the posttest
battery.
The effects of the program were assessed by comparing changes in scores from
pretest to posttest for the two groups. The results of the analysis showed that the
experimental group performed significantly higher than the control group on all
phonological awareness skills assessed (rhyme, word segmentation, syllable synthesis,
syllable segmentation, initial phoneme, phoneme segmentation and phoneme synthesis).
However, letter knowledge was not significant. Instruction ceased after kindergarten, but
the participants were followed for two subsequent years. The children’s reading and
spelling skills were assessed a year later at the end of the first grade. This time, all
phonological awareness skills remained significantly higher as compared to the control
group. Reading was assessed by the child’s ability to decode real words and identify a
picture from a field of four that represented that word. There was a marginally
significant difference (p<.10) between the groups on this measure in the first grade.
Spelling ability was measured by a word dictation test. On this measure, the children in
the experimental group scored significantly higher than the control group. The children
were tested again in the second grade, and the experimental group scored significantly
better on both measures of reading and spelling.
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The authors conclude that some degree of instruction is needed to improve
phonological awareness skills and that this can be successfully achieved within the
classroom setting, training all children in the class. The authors also assert that
phonological awareness can be developed before reading ability and independently of it.
In this study, phonological awareness also facilitated word reading and spelling
development. A criticism of the study is that the extensive training used in the study is
not typical of training procedures in real-life school settings (Ball & Blachman, 1991).
Schneider, Ktispert, Roth, Vise and Marx (1997) sought to replicate the findings
of Lundberg and colleagues in German children. They pointed out that the participants in
Denmark were nearly a year older than kindergarten students in Germany and that their
growth may have been due to maturation. In Germany, like Scandanavia, parents and
kindergarten teachers have a negative attitude toward formal reading instruction and
reading is not directly taught. Therefore, because the children are not exposed to any
instructional strategies, the opportunity to study the effects of phonological awareness
training on reading and spelling are optimal. The German researchers also wanted to
determine if the extreme teacher training and preparation used in the Lundberg study
were necessary for success.
Teachers who participated in the study spent about two months learning about the
theoretical background of phonological awareness and practicing activities in individual
tutoring sessions. The training group contained 11 different classrooms and 205 children.
The control group consisted of 166 children in 12 classrooms. All children were tested
prior to and following the intervention period, with follow-up testing a year later.

39
permission of the copyright owner. Further reproduction prohibited without permission.

The training group participated in daily activities lasting 15-20 minutes. The
control group spent this amount of time playing games with no formal linguistic training.
At the end of the kindergarten year, analysis of the data showed that the trained group
performed significantly better than the control group on measures of phonological
awareness (phoneme synthesis, phoneme analysis, initial phoneme, phoneme deletion).
There was no significant difference between the two groups on measures of early literacy
(letter knowledge or word reading), however. After the first year, the researchers
analyzed the group instruction and found that all o f the classrooms received phonological
awareness instruction in phoneme analysis and deletion, but that some o f the classes did
not receive instruction in phoneme synthesis and segmentation. When the experimental
group was divided into those who did receive synthesis and segmentation training and
those who did not, two distinct groups emerged from the trained group. There were 71
children who were consistently trained and 118 who were inconsistently trained, in
addition to the original control group. At the end of the first grade, the children were
tested again and the results were analyzed for the three groups. In this case, the
consistently trained children performed better than the other two groups on measures of
reading and spelling.
The authors summarize their findings by stating that phonological awareness
training can facilitate early literacy. They also note that careful training and monitoring
are necessary, but that an extensive training program may not be necessary.
Another classroom study was conducted in Finland (Kjeldsen, Niemi & Olofsson,
2003). The authors also modeled their study after Lundberg et al. (1988) with the primary
objective of replicating results. However, they also aimed to answer two additional
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questions in their study. The first was whether the intensity o f student training used in
the original study was necessary, or if fewer sessions would yield similar results. The
second question addressed the amount of teacher training. In the Lundberg et al. (1988)
study, teachers were required to attend lectures given by leading experts from Sweden
and participate in practice sessions. In this study, all teachers were trained in the
theoretical implications and practical application o f phonological awareness. Only the
teachers in the experimental group were given further guidance in planning and
implementing phonological awareness activities, however.
A total of 108 children in the experimental group constituted nine kindergarten
classes. The 13 classrooms that served as the control included 101 children. Within the
experimental group, half of the children received daily training lasting 15 to 20 minutes.
The other half received exactly the same training, but only three times a week. All
children were individually pretested and then posttested on measures o f reading, spelling
and phonological awareness after a full school year of training.
The initial results indicated significant interaction effects between group and
training. Further analysis revealed no difference between the experimental group,
receiving the high intensity training, as compared to the medium intensity group.
Therefore, the two groups were collapsed for subsequent analysis. The findings show
that the students who were trained in the classroom setting performed better the control
group on measures of letter knowledge, word decoding, word reading, and spelling. The
authors use these findings as evidence that training phonological awareness within a
classroom produces positive results in terms of reading and spelling. The data also
demonstrate that teachers require a degree of structure and training to successfully absorb
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and implement phonological awareness training. The findings also support the notion
that a certain level of training may be sufficient.
The results from foreign studies should be taken with caution. In the United
States, reading is taught upon entering kindergarten. The children included in foreign
studies were on average one to two years older than a typical kindergarten student in the
US. A greater degree of neuromaturity and increased processing abilities would be
expected in older students. It cannot be assumed that the same method of phonological
awareness training would yield similar results in a younger, less mature child.
Additionally, the ideal of intensive teacher training is not realized in many areas of the
United States due to budget restraints. Rashotte, MacPhee and Torgesen (2001) bring up
the less talked about issue of cost-effective intervention. They advocate training
paraprofessionals to train small groups of at-risk children. The authors contrast the
relatively small cost of hiring and training a paraprofessional with the current costs
schools are taking on to improve students’ reading scores.
Computerized Training
An alternative to training personnel is to purchase computer software that trains
phonological awareness. Computer-based phonological awareness programs are
commercially available and marketed as training programs that improve reading abilities.
The NRP (2000) reported that they are encouraged by the reported successes of using
computer-based applications in literacy instruction. However, they note that there is a
lack of credible qualitative and experimental evidence to support their use. The two most
popular programs are Earobics® and Fast ForWord®.
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Earobics® is an interactive software program that provides individualized,
systematic instruction in early literacy skills. According the developer’s website,
Earobics® instruction improves all critical areas of reading identified by the National
Reading Panel. Links to unpublished papers are provided on the website.
A paper from the Florida Center for Reading Research (2002), claims that
independent researchers in school districts have gathered and reported research
supporting the effectiveness of Earobics®. They state that in a Florida school district,
the Standford Achievement Test Series was used to measure reading comprehension in
first graders. Throughout the school year, five classrooms used Earobics® and thirty-six
classrooms served as the controls. In March of the experimental school year, students
using Earobics® gained 10 points in reading comprehension, while the control group fell
more than 5 points. The paper reports results from another school district in Virginia. In
this project, kindergarten classes were divided into intervention and control groups. The
intervention group received phonological awareness instruction using Earobics®, and the
control group received teacher-directed phonological awareness instruction. The
Phonemic Awareness Test (Robertson & Salter, 1997) was used as a pre- and posttest
measure. The reported results show that the group that used Earobics® showed
significantly higher scores following training as compared to the control group. Similar
projects are highlighted throughout the report. However, no references are provided to
verify the accuracy or integrity o f the research methodologies used in any o f the reported
projects.
Peer-reviewed published studies present results that contradict the Earobics®
developers’ broad-based claims of improved reading ability. Hayes, Warrier, Nicol,
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Zecker & Kraus (2003) studied the effects of an 8 week training program using
Earobics®. Children with reading disorders were recruited and assigned to either the
training group (TG=27 subjects) or the control group (GC=15 subjects). Participants in
the TG received 35-40 hours of phonological awareness training on Earobics®.
Behavioral and electrophysiological measures were taken pre- and post-training.
Subtests from the Wide Range Achievement Test-3 (reading and spelling) and the
Woodcock-Johnson-Revised (incomplete words, memory for words, sound blending,
listening comprehension, cross out, auditory processing and word attack) were
administered to all subjects. Analysis o f these measures showed that after training, the
TG showed significantly greater improvement on the sound blending and auditory
processing subtests. No improvement was evident on any of the other measures. In fact,
the spelling scores for the trained were exactly the same pre- and post-intervention, and
the word attack skills were one point lower after training. Auditory brainstem responses
were elicited from all subjects. There were no significant differences in responses to
click stimuli or the syllable /da/ on either the pre- or posttest. The results suggest that
computer-based training may impact isolated skills such as phonemic decoding, but that
the benefits do not carry over to actual improved reading or spelling abilities.
The same group of researchers (Warrier, Johnson, Hayes, Nicol & Kraus, 2004)
conducted a similar study. They grouped participants and studied them based upon their
neural responses to speech in noise. Twenty-four participants were separated into three
groups. The control group (CG) contained 11 subjects, which received no training. The
researchers analyzed speech-evoked cortical responses and separated children with
reading disabilities into two groups. Seven children with reading disabilities showed
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typical responses to speech in noise (Trained-In), and six showed atypical (weak or
delayed) responses (Trained-Out). All children with reading disabilities received 35-40
hours o f training on Earobics® over an 8-week period. Following training, speechevoked cortical responses were analyzed. There was no difference between pre-and post
intervention responses in the two untrained groups. However, the trained group, those
with initially atypical (delayed or diminished) responses, improved to typical ranges. The
authors suggest that children with reading disabilities and poor responses to speech in
noise benefit from auditory training and speculate that improving the neural
representation of speech sounds will lead to improvements in reading. The authors did
not measure the impact on actual reading or spelling abilities, however.
Fast ForWord® is another popular software program that claims to build
fundamental cognitive skills of memory, attention, processing and sequencing. The
program is based on the theory that children with delays in reading have phonological
processing deficits (Tallal, 2003). Fast ForWord® helps students learn key language and
reading skills, including listening accuracy, phonological awareness, and language
structure. Paula Tallal, a researcher and neuroscientist, developed Fast ForWord® and
founded Scientific Learning Corporation© (SLC). SLC regularly conducts and publishes
efficacy research using Fast ForWord®. Their work is not without critics, however.
Rouse and Krueger (2003) point out that many of the studies have very small sample
sizes and often lack a valid control group. Therefore, changes in test scores before and
after Fast ForWord® training may be due to maturity or outside instruction.
Agnew, Dorn & Eden (2004) sought to replicate earlier findings by Tallal et. al.
(1996) showing that Fast ForWord® training improved word reading and phonological
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awareness abilities in children with reading or language disabilities. The researchers
recruited seven subjects with auditory processing disorders who were already receiving
private services. All subjects participated in the Fast For Word® intervention program.
The participants followed the guidelines intervention, which suggest training for 100
minutes a day, five days a week for a period of 4 to 6 weeks. They completed the
program when they achieved 90% accuracy on five out of seven tasks. All subjects
completed pretesting prior to starting Fast ForWord®, and posttesting following
completion. Auditory and visual judgment duration tasks were presented via a computer
program. Subjects were presented with two stimuli and were required to judge which
was longer. Word attack measures and phoneme deletion tasks were used to evaluate
reading abilities. Following the Fast ForWord® training, subjects showed improved
auditory discrimination abilities, but no difference in visual discrimination abilities. That
is, subjects were significantly more accurate in judging which auditory stimuli were
longer after completing the training program. There were no significant changes found
on either reading measure when comparing pre- and posttest results. The authors
conclude that gains following Fast ForWord® training are limited to performance in
auditory discrimination and do not extend to reading abilities.
Rouse & Krueger (2003) conducted a randomized study of Fast ForWord®.
They identified students in third through sixth grade who scored in the lowest 20% on the
state’s standardized reading assessment and randomly assigned 272 students to the Fast
ForWord® treatment group and 240 students to a control group. All participants were
tested prior to and after the training period. The test battery consisted of the Clinical
Evaluation of Language Fundamentals-3 (CELF-3), the Success for All (SFA) reading
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program, and the state’s criterion-referenced standardized reading test. Analysis o f the
measures showed that both groups improved in all areas. The group that received Fast
For Word® training did not show a statistically significant gain as compared to the
control group.
Whereas neurological changes following auditory training may be evident, such
improved discrimination or encoding, actual improvements in reading and writing skills
have not been consistently shown using computer-based training.
Models of Phonological Awareness Instruction
The way in which phonological awareness is targeted may impact the degree to
which spelling and reading abilities are affected. The National Reading Panel claimed
that systematic phonics instruction is more effective than less systematic phonics
instruction (NRP, 2000). In contrast to this declaration, a position statement issued by
the International Reading Association (IRA, 1998) advocated a less rigid approach to
teaching phonological awareness. The IRA’s statement emphasizes environmental
interactions with language and literacy as a method of instruction. As a result, two
methods o f phonological awareness instruction are primarily employed by teachers:
systematic and nonsystematic instruction.
Systematic instruction is centered on explicit, direct phonological awareness
instruction. Practice materials emphasize a specific phonological concept and are
designed to elicit a specific skill, such as phoneme segmentation (Juel, 1998). Systematic
programs have a planned sequence of skills that are taught following an explicit
hierarchy. The child then practices the targeted skills in a variety of contexts. When a
level of proficiency is achieved, the next concept is taught. Although a systematic
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approach is favored by the NRP, the IRA suggests a non-systematic approach (IRA,
1998).
The position of the IRA is that the logical translation of the research to practice is
for teachers of young children to provide an environment that encourages play with
spoken language as part of the broader literacy program (1998). This view of literacy
instruction is classified as a non-systematic approach. Non-systematic methods teach
phonological awareness, but not within a particular structure or sequence. The concepts
are taught incidentally, as the teacher feels they are necessary. Taylor, Pearson, Clark
and Wapole (1999) support this position and note that one of the most important aspects
of effective teaching is the ability of teachers to make appropriate instructional decisions
based on student needs and successes.
A non-systematic model of instruction includes several components which
support the development of phonological awareness. Snow, Bums and Griffin (1998),
for example, advocate language play or games that emphasize rhyming and thinking
about the structure of words. They also emphasize reading aloud, citing the fact that
reading models what language sounds like and fosters comprehension o f text and literary
language. Adams (1990) stresses the importance of exposing children to language
experiences, invented spelling, and exposure to environmental print. These combine to
provide a broad range of experiences to model, demonstrate, and explicitly teach
phonological awareness.
Recently there has been support for a hybrid approach, a combination of explicit
phonological instruction within the natural context of literacy. The general idea is that
phonological awareness instruction should follow a developmental hierarchy, but should
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be taught in the context of reading, if success in reading is the ultimate goal. To date,
only one published study appears to have involved this model of instruction, although the
authors do not recognize it as such. Shaywitz et al. (2004) compared neurological and
behavioral outcomes o f 77 children. During an 8 month period, 37 children participated
in the experimental phonological awareness intervention, 12 children maintained the
intervention program that they were currently receiving in the public school system, and
28 children served as the control group. Children in the experimental group showed
significant gains in word reading, fluency, and comprehension as compared to the other
two groups. The authors attribute these gains to the eight month phonologically-based
reading intervention program. The training program described in the study was not
limited to training phonological awareness, however. The authors note that their program
was designed to provide “opportunities to integrate word-level skill instruction with textbased reading to support fluency and comprehension.” (Shaywitz, et. al., 2004, p.927).
The systematic training program included 50 minutes of daily lessons. Each session was
designed to target five components. Three phonological awareness skills were targeted
through activities that included sound-symbol associations, phoneme blending and
manipulation, and dictation o f phonetically regular words. Two additional tasks also
were targeted each session. They included timed reading and oral reading of stories.
Although the authors credit the improvements in reading to a phonologically based
approach, they fail to acknowledge the impact on the outcomes of training fluency and
oral reading. The result of this study may be the strongest evidence supporting an hybrid
approach to teaching phonological awareness, which has not been directly studied.
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Justice and Kaderavek (2004) evaluated both the embedded approach to teaching
phonological awareness and the explicit approach. They suggest an embedded-explicit
model of intervention, but acknowledge this model has yet to be critically evaluated. The
authors explain that no studies have demonstrated broad-based positive reading outcomes
following phonological awareness training and they suggest that an embedded-explicit
approach is the only way to achieve such aims.
Word Decoding
The majority of phonological awareness studies have trained small groups using a
systematic approach, with isolated word reading or decoding as the outcome measure.
Decoding words at the single real word or nonsense level does not consistently lead to
improved reading ability, and therefore the NRP’s (2000) claim of improved reading is
vulnerable to criticism. Taylor (1998) writes that “reading is more than decoding the
sounds that letters and groups of letters represent, or even of reading words.” (p.218). He
goes on to state that many may have the ability to decode text in Spanish, but that does
not guarantee understanding of the text. His argument aligns with a prominent reading
theory, the psycholinguistic approach to reading. This theory, proposed by Smith (1971)
and Goodman (1996), emphasizes that the purpose of reading is to obtain meaning. To
achieve understanding in reading, learners need to use orthographic, syntactic, semantic,
and visual information. Smith believed that readers who focus too much on visual input
(or orthographies) risk losing the meaning of the text. Goodman (1996), expanding on
Smith’s work, describes reading as a cyclical process. He presents reading as a
continuous process that incorporates visual, perceptual, syntactic, and semantic cycles.
The visual system is the input for letters, words and sentences, but the brain must engage
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in the other three cycles to extract meaning from the orthographies. Therefore,
phonological awareness plays a part in the reading process, but it is only one component
of the overall reading process.
Smith (1999) also points out that reading phonetically is not an efficient reading
method. The system o f sound-letter correspondence is not practical. Readers use text
along with orthographies to predict words that make sense within a given context. He
cautions that systematic engagement in phonological awareness activities gives children a
false idea o f reading. Taylor (1998) also adds that it is possible to teach a child to decode
lengths of text in a foreign language, but cautions against labeling decoding without
understanding as reading.
Conclusion
This study is concerned with two areas where there is either an absence of
evidence or conflicting evidence regarding the efficacy of phonological awareness
training in improving spelling and reading abilities.
First, existing studies have been limited in their approach to phonological
awareness training. One problem is that the literature largely contains studies that have
used individual or small group phonological awareness training. No studies exist in the
United States that examine classroom-based training, which potentially is a much more
efficient means of training than individual or small group methods. Another concern is
that researchers have devised a variety of phonological training programs, but all have
followed a specific type o f protocol. These programs have used systematic training
methods, which adhere to a predetermined instructional regiment. Researchers have
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ignored less structured, non-systematic training methods. It is unrealistic to assume that
children will be able to apply isolated skills to the general reading process.
Second, the literature contains contradictory findings regarding the effects of
phonological awareness training on spelling and reading skills. Study findings appear to
be a function of the outcome measure used. Studies that have used isolated word
decoding as a measure of reading ability have noted improvement as a result of
phonological awareness training. Such studies form the bulk of the literature in this area.
The few studies that have measured actual text reading, which would seem a more valid
measure of the effects of phonological awareness training, have failed to show
improvements following training. Studies that have used phonetically consistent spelling
words as outcome measures have noted improved spelling abilities, but those that use a
combination of phonetically consistent and inconsistent words have shown conflicting
results.
Research Questions
The current study seeks to clarify the issues outlined above by investigating the
effects of a classroom-based embedded phonological awareness training program. The
study addresses the following questions.
1. What are the effects of an embedded phonological awareness program that is
delivered in the regular classroom setting on phonological awareness abilities,
including rhyming, segmentation, isolation, deletion, and blending?
2. What are the effects of an embedded phonological awareness program that is
delivered in the regular classroom setting on spelling phonetically consistent
and inconsistent real words?
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3. What are the effects of an embedded phonological awareness program that is
delivered in the regular classroom setting on broad-based measured of reading
abilities, including:
a) letter identification,
b) concepts about print,
c) word decoding,
d) writing vocabulary,
e) recording sounds in words,
f) text reading level?
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CHAPTER III
METHODOLOGY
Two schools from the Grand Forks School District were included in the study.
One school was chosen because the principal implemented an embedded phonological
awareness training program in the curriculum as a kindergarten pilot program. Students
from this school served as the intervention group. To make an appropriate comparison, a
control school with similar demographics was chosen. Students at this school made up
the control group. Phonological awareness test scores, reading test scores and spelling
test scores were obtained from three kindergarten classrooms at both the intervention
school and the control school. The principals and teachers from each school administered
the assessments and then coded the requested data.
Intervention and Control Group Characteristics
The two schools involved in the study were matched on three variables with
known effects on literacy. Research shows that socioeconomic status (Blachman, Ball,
Black & Tangel, 1994; Lonigan et al., 1999) and class size (Finn & Achilles. 1990;
Krueger. 1999) are correlated with reading achievement. Therefore, these two factors
were considered when selecting a control school. The schools were also matched with
respect to their reading achievement. A school with a pattern of high reading
achievement is likely to maintain that trend, assuming that other factors, such as teachers
and curriculum, remain constant. Summarizing, the intervention school was chosen
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because the principal at the school chose to use the program as a part o f kindergarten
literacy instruction, and the control school was selected based upon its similarity to the
intervention school’s socioeconomic demographic, class size, and prior reading
achievement.
The socioeconomic demographic of a school is typically measured by the number
of approved student applications to the federal free or reduced lunch program. The
criteria for student qualification for the program are based on federally determined
income levels that vary by region within the United States. The percentage of students
whose families qualify for free or reduced lunch varied within a +/- 5% range between
the intervention and control schools.
At the intervention school, kindergarten class size ranged from 14 to 15 students.
Kindergarten classrooms at the control school contained 14, 15 and 17 students each.
The overall number of kindergarten students at each school differed, because the
intervention school contained three kindergarten classrooms, and the control school
contained four. Therefore, three of the four classrooms in the control school were
randomly selected by the researcher for inclusion in the study.
To determine each school’s performance history in reading, achievement scores
on the North Dakota State Assessments, a state-wide standardized test, were used. These
tests are administered to all 3rd, 4th and 5th grade students within the state. School
achievement is reported as a single composite score representing all students assessed
within that school. Both schools exceeded the minimum proficiency level, which is
determined by the state of North Dakota. The intervention school reported that 85.8% of
its student population achieved scores at or above the pre-determined proficiency level,
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and the control school reported that 87.8% of its students at or above the proficiency level
(NDDPI, 2006). Thus, the control school had comparable, but slightly higher reading
proficiency levels. Therefore, if gains were made by students receiving the intervention,
differences could not be attributed to the fact that the intervention school showed a
stronger history o f reading performance to begin with.
Literacy curriculum was not considered as a variable. The curriculum for all
kindergarten students within the Grand Forks Public School District is based on the North
Dakota State Standards for kindergarten students, and thus should be very similar in all
schools. The standards are broad goals that all students in North Dakota should attain by
certain grade levels. The standards also include benchmarks, or specific skills listed
within each standard. Under the kindergarten language arts standards, there are five
benchmarks that address phonological or phonemic awareness. The standards do not
mandate teaching specific strategies or methods (NDDPI, 2006). None of the teachers
involved in the study reported using a systematic, hierarchy-based approach to teaching
phonemic awareness in the classroom. All of the kindergarten teachers in the two
schools had the same degree of formal training in literacy and received the same training
opportunities offered through the Grand Forks Public School District.
The Intervention Program
An embedded phonological awareness program, which previously was developed
for the Grand Forks Public Schools by the researcher and a colleague, was implemented
in the three kindergarten classrooms at the intervention school. This program had been
used by the school in previous years. Anecdotal evidence supported its continued use,
however, this is the first attempt to gather and study the impacts on literacy in an
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organized, systematic way. Therefore, there are currently no standardized data available
supporting the reliability or validity of the embedded phonological awareness program.
This program contains three components that distinguish it from other
phonological awareness programs. First, it is designed to teach phonological awareness
in a developmentally appropriate sequence. Evidence suggests that phonological
awareness skills naturally develop in a sequential, but overlapping pattern. For example,
as pointed out in the review of literature, rhyming generally develops in children before
phonological segmentation skills. However, segmentation skills may emerge at the
syllable level, in the midst of developing rhyme skills (Carrol, Snowling, Stevenson &
Hulme, 2003; Gillon, 2007). The program targets phonological awareness skills
following a pattern of emergence proposed by Swank (1999). Her hierarchy of skills
begins with general listening, followed by rhyme, word awareness, syllable awareness,
and phonemic awareness, in that order. Each phonological awareness skill was targeted
for a minimum of four sessions. Progression to the next level was determined by the
speech-language pathologist providing the intervention. All three classrooms progressed
at the same rate.
The second distinct feature of the program is that it follows an embedded literacy
approach to teaching phonological awareness. This method of phonological awareness
instruction has not been reviewed in the literature. The embedded literacy approach can
be described as a hybrid of two general approaches. It combines the systematic approach,
which teaches skills in an isolated drill format, and the nonsystematic approach, which
does not include direct teaching of phonological awareness, but rather exposure to skills
in an indirect manner. Systematic training approaches have been shown improve
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phonological awareness and word decoding abilities, but not broad-based reading
measures (REFERENCE). Nonsystematic approaches, including shared book reading,
have improved more broad-based aspects of reading, such as concepts about print,
without corresponding gains in word decoding or text level reading (Justice, XXXX).
This hybrid approach is considered embedded in that phonological awareness targets are
taught within the context of reading, in accordance with literacy learning theories. Each
lesson begins with an oral shared reading of a selected book that illustrates a particular
phonological awareness skill. For example, the book Goodnight Moon by Margaret Wise
Brown is read aloud when targeting rhyming because of the inherent rhyme patterns in its
text.
The other component that is unique to the embedded phonological awareness
program is that it is specifically designed to be taught to all students within a classroom
setting. The structured activities are intended to engage the entire class. Previous
research has focused on phonological awareness programs that are designed to be
delivered either individually or to small groups (Blachman et al., 1999; Bradley &
Bryant, 1983; Castle, Riach & Nicholson, 1994). Sample lesson plans are included in
Appendix A.
Service Delivery
An American Speech Language and Hearing Association (ASHA) certified
speech-language pathologist delivered the embedded phonological awareness training in
three kindergarten classrooms at the intervention school twice a week for the school year.
Each lesson lasted approximately 20 minutes, for a total of 40 minutes of weekly
intervention per classroom. The program was incorporated into literacy instruction time.
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The activities did not provide additional literacy instruction. Students at the control
school participated in regular literacy instruction for the same amount of time.
Classroom teachers did not receive direct instruction in phonological awareness. They
observed all instruction, however.
Instruments
Norm-referenced and criterion-referenced instruments were used to measure the
students’ spelling, reading and phonological awareness abilities. The measures were
those that are routinely used by the school district to assess kindergarten literacy; they
were not chosen for the purposes of this study. The tests were administered and scored
by school staff. The following tests were administered.
An Observation Survey o f Early Literacy Achievement
An Observation Survey o f Early Literacy Achievement (Clay, 2002) is a teacheradministered, standardized assessment tool used to evaluate literacy skills. The survey
provides a systematic way of measuring early reading and writing behaviors.
Standardized instructions are provided for each task assessed. The test takes
approximately 40-50 minutes to complete. It is the primary assessment tool used by the
school district to qualify students for Reading Recovery, a federally funded reading
program. A characteristic of this test is that it provides a multi-dimensional assessment
of reading. Reading ability is not assessed by a single task, such as word decoding.
Rather, the subtests are designed to assess a variety of skills necessary for success in
reading. Therefore, it is said to assess a student’s actual reading ability.
An Observation Survey o f Early Literacy Achievement consists of six literacy
subtests, including letter identification, word test, concepts about print, writing
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vocabulary, hearing and recording sounds in words, and text reading. Normative data are
available for each subtest.
The letter identification subtest assesses the student’s ability to label upper and
lower case letters. A large print alphabet template is used for all children. The template
contains 26 upper case letters in random order and 28 lower case letters. The lower case
A is presented as a and a, and the lower case G is presented as g and g to accommodate
students who may be familiar with either handwritten or typed letters exclusively.
Students are instructed to name the letter that the examiner points to. Only letter names
are scored as correct. If a student produces the letter sound, or a word beginning with the
letter, it is scored as an incorrect response.
The word test is a measure of the student’s ability to read single words in
isolation. It provides insight into the student’s reading vocabulary, rather the student’s
decoding ability, because a high frequency list is used instead of a phonetically consistent
word list. In this region, the Ohio Word Test (Duncan & McNaughton, 2001) is
administered. This word list is constructed of high frequency words taken from the
Dolch Word List (Dolch, 1948). The words are selected from a sample of words that a
young student has had some opportunity to leam. Three separate 20 word lists are
provided to avoid practice effects. The student is required to read or attempt to read
aloud a printed list o f 20 words. The examiner records correct and incorrect responses.
The concepts about print subtest uses one of four designated books to assess the
students’ awareness of print. For example, the student is asked to identify the front of a
book, the first and last letters of words, punctuation, etc. The examiner and student read
one o f the four books together, and the student is asked to point to certain features of the
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text during reading. Responses are scored as correct or incorrect. A reference for scoring
standards is included in the text manual.
The writing vocabulary subtest measures the student’s knowledge of letters and
the left-to-right sequencing necessary for reading in English. For this measure, students
are given a blank page and a pencil. They are instructed to write as many words as they
know or can think of. They are given 10 minutes to complete the test. During the 10
minute period, the examiner is allowed to prompt the student with words they may know
how to write, such as their name or high frequency words. Words are scored as correct or
incorrect according to specified criteria including spelling, reversals, and sequencing.
Data obtained from the hearing and recording sounds in words subtest gives
insight into students’ understanding of sound-symbol relationships between phonemes
and graphemes. The measure is a sentence dictation task. The examiner reads one of
five sentences. The student is given paper and a pencil and asked to write the sentence.
The examiner is allowed to re-read the sentence and even dictate slowly word by word.
The student is allowed to write as few letters as they know or even skip an entire word in
the sentence. The student is given credit for every phoneme that is written correctly,
even though the whole word may be spelled incorrectly.
The final task is a running record of text reading. Running records provide
evidence o f how well students apply their knowledge of letters, sounds and words to
understand the messages in text. The student is asked to read a specific level of text
material and their errors are systematically recorded. The student’s text reading level is
determined by the number and type of reading errors. A reading specialist must be
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specifically trained in running records to accurately analyze errors and score this section
of the test.
For a full description of all test procedures, please see An Observation Survey o f
Early Literacy Achievement 2nd Ed. (Clay, 2002).
The Developmental Spelling Test
The Developmental Spelling Test (Gentry, 1982), commonly referred to as the
“monster test,” is a measure of spelling abilities. The purpose of this test is to assess
students’ spelling and determine their specific developmental stage of functioning. It is
designed for administration to kindergarten through second grade students.
The monster test consists of ten words. The test is presented orally to students
and they are instructed to write the word that they hear. The test can be administered
individually, in small groups, or to an entire classroom. The ten words are scored
individually according to a 5 point scale. Invented and accurate spellings are categorized
as belonging to one of five developmental stages: prephonetic, semiphonetic, phonetic,
transitional, and conventional (Gentry & Gillet, 1993).
The Phonological Awareness Test
The Phonological Awareness Test (Robertson & Salter, 1997) is an assessment
tool used to determine phonological awareness abilities. It is a norm-referenced measure
that is designed to identify deficit areas in phonological processing. The test is designed
for students 5 to 8 years of age. According to the manual, the test is to be individually
administered and takes approximately 20 to 30 minutes to complete. Five subtests are
administered. They include rhyming, segmentation, isolation, deletion, and blending.
Each subtest contains three demonstration items.
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The rhyming subtest contains both discrimination and production components.
In the discrimination component, students are required to determine if two given words
rhyme. They respond by saying “yes” or “no”, and responses are scored as correct or
incorrect. Next, students must generate a word that rhymes with a given word. Any
correct production is scored as correct. For this subtest, nonsense words are acceptable.
The segmentation subtest requires students to segment words within a sentence,
followed by words within compound words, then syllables and finally phonemes. The
student is presented with a short sentence and instructed to clap for each word they hear
in the sentence. This subtest was modified slightly by the examiners. The students were
instructed to stamp their foot for each word because they began clapping the syllables
instead of whole words. Next, students were required to stamp for each word that they
heard in a compound word. For example, they would stamp twice for a word such as
birdhouse. Then they were required to segment syllables within a word and indicate the
number of syllables they heard by clapping for each. Finally, for the phoneme
segmentation section, students were required to repeat a given word and produce the
individual phonemes that they heard. For example, when presented with cat, the correct
response would be /k/../ae/../t/. The words begin with simple syllable shapes and become
more complex.
The isolation subtest measures students’ ability to identify either the initial,
medial or final phoneme in a given word. Each section contains five target words. The
word is presented orally to the student by the examiner. The student is instructed to
repeat the word and then to isolate the phoneme in the particular position that is
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requested. For example, the student would be asked to report what they hear as the
beginning sound of the word toy.
The deletion subtest required the student to delete compound words, syllables,
and phonemes from given words. The examiner reads a word and then instructs the
student to repeat the word. The student is asked to repeat the word again, without one of
its parts. For example, they are instructed to say spaceship without ship or seat without
/s/.
Blending was the final subtest administered. The student is required to identify
what word is being produced when given isolated syllables and eventually phonemes.
The examiner says doll....... house, and the student correctly responds with dollhouse.
Next, individual phonemes are presented, such as /f/.../l/.../e/.../g/, with the correct
response being flag.
All items are scored as either correct or incorrect. There are no criteria for basal
scores. A ceiling is reached after three consecutive incorrect responses. Scores within
each subtest are transferred to the Summary or Results page of the protocol for
interpretation.
Data
Test Administration and Scoring
All data were collected by the classroom teachers, reading specialists and speechlanguage pathologists within the selected schools. The schools’ procedures for data
collection followed the recommendations of each measure, and testing was completed
within the same three week time period at both schools. All students were between 5 and
7 years of age and spoke English as their primary language. Children with cognitive
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impairments were not included, as previous research has shown significant impairments
of literacy learning. Due to a high incidence of hyperlexia (advanced decoding skills
with poor comprehension) in children on the autism spectrum, they also were excluded
from the study. Exclusion was determined by the presence of an active Individual
Education Plan with primary disability of either mental retardation or autism. Only one
student, attending the control school, was excluded.
An Observation Survey o f Early Literacy Achievement
An Observation Survey o f Early Literacy Achievement (Clay, 2002) was
administered to all kindergarten students during the final month of the school year. It
was administered by a trained reading specialist, according to test specifications. The
reading specialists administered the test to each student individually. The testing was
completed in a quiet setting outside of the classroom.
The test was scored by the reading specialists according to the test manual. The
scores for each individual subtest were reported along with an overall reading score.
Each student’s score is reported as both a raw score indicating the number o f correct
responses and as a stanine based on age level normative data.
The Developmental Spelling Test
The classroom teachers administered the developmental spelling test to students
in their respective classrooms. This test was given twice during the school year, once
during the first month and a second time during the last two weeks of school. Students
were given lined, numbered paper and a pencil for the task. The students completed the
test at tables in the classroom. According to directions suggested by the author, students
were instructed that the words were going to be difficult for kindergarteners to spell, but
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they should try their best and guess if they were not sure. The teacher then orally
presented each word and then used it in a sentence. The students then attempted to spell
each word on their paper. Repetitions were allowed.
Upon completion, the tests were scored by two independent scorers. Each of the
words was scored according to a 5 point scale. The target word was scored as a “0” if no
letters were written or if drawings not resembling letters were written. It was scored as a
“ 1” or pre-phonetic if the student wrote random letters. A score o f “2” was assigned to
semi-phonetic spellings. Phonetic spellings or spellings which contain all o f the phonetic
sounds in the word were scored as a “3”. The word was scored as a “4” if it was a
transitional spelling. If the word was scored correctly or conventionally, it received a
score of “5”. Gentry (1982) provides examples of each scoring level for each individual
word. The two scores were summed for each stimulus word. Averages were calculated
for the 10 stimulus words and were reported as a total test score, ranging from 0 to 5.
The Phonological Awareness Test
The Phonological Awareness Test (Robertson & Salter, 1997) was administered
to all students at the intervention school. This test was given during the first month and
again during the last two weeks of the school year as a pre- and post-intervention
measure to document changes in phonological awareness abilities following the training
program. The SLP administered the test individually to students in a quiet setting. The
SLP began each task with a demonstration. According to the test manual, the examiner is
allowed to demonstrate until the student understands the task, but cannot teach the
concept. If the student is unable to answer the demonstration questions correctly in one
subtest, they receive a score of “O’ for that subtest. The examiner then goes on to the
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next task. All students begin with the first item in each subtest. There are no criteria for
establishing a basal level. After each student response, the examiner scores the response
as either correct “+” or incorrect “0”. The examiner discontinues testing after three
consecutive items on a single subtest are answered incorrectly. Scores within each
subtest are transferred to the Summary of Results on the first page of the protocol.
Scores were calculated for each sub-test as well as an overall score.
Data Coding
The speech-language pathologists, reading specialist and kindergarten teachers at
both schools assisted in the data coding process. Initially, the data were recorded with
students’ names on each measure. To protect the confidentiality o f individual students,
the data was coded by school personnel. No identifying student information was given to
the researcher. The data was coded using an alphanumeric code. The intervention school
was assigned a “ 1” and the control school was assigned a “2”. The individual classrooms
were given an alphabetic code, A-F. Finally, each student received a numeric code. For
example, a subject’s data may be coded as “ 1B4”. This would indicate the 4th student in
classroom “B” at the school receiving the intervention.
A summary o f the data that was collected and a description of the data analysis
are presented in Chapter IV.
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CHAPTER IV
RESULTS

The data consisted of test scores collected from 91 kindergarten students
attending two different schools. There were 43 students at the intervention school and 48
students at the control school.
The data consisted o f the following:
1. Pre- and posttest data from the Developmental Spelling Test (Gentry, 1982)
from students at the intervention and control schools.
2. Posttest data from An Observation Survey o f Early Literacy Achievement
(Clay, 2002) from students at the intervention and control schools.
3. Pre- and posttest data from the Phonological Awareness Profile (Robertson &
Salter, 1997) from students at the intervention school.
Data from two subjects at the experimental school and one at the control school
were not included because they contained spelling pretest data only. Reading data from
two students at the control school were included, but both were missing spelling pretest
scores, and therefore, their spelling scores were not include in the analysis.
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Phonological Awareness Results
Raw scores from the The Phonological Awareness Test (Robertson & Satler, 1997)
were converted to standard scores (percentiles) according to the test manual. Standard
scores provide a more accurate representation of the data as they account for age
differences and are compared to normative data. The manual provides tables for each
subtest at 6 month age increments, listing raw scores and the corresponding percentile.
Table 1 reports the mean scores and standard deviations for each classroom.

Table 1. Pretest and Posttest Means and Standard Deviations of Individual Classrooms at
the Intervention School on The Phonological Awareness Test.
Class #1 (n=14)
Mean (SD)
Pretest
Rhyming
Segmentation
Isolation
Deletion
Blending

Class #2 (n=14)
Mean (SD)

Class #3 (n=15)
Mean (SD)

F value*

59.79 (6.41)
43.43 (7.49)
45.00 (7.49)
40.14(7.27)
35.71 (8.92)

60.64
47.79
44.07
30.79
30.43

(7.48)
(6.68)
(9.59)
(7.19)
(5.58)

61.33
50.00
32.33
45.87
42.73

(6.49)
(7.70)
(8.21)
(7.64)
(8.34)

.01
.21
.71
1.07
.64

Posttest
Rhyming
58.07 (5.53)
Segmentation
76.29 (5.05)
Isolation
64.21 (5.77)
Deletion
65.07 (7.08)
Blending
81.43 (3.03)
* none is significant at p<.05

66.29
63.71
65.36
55.43
62.79

(3.84)
(6.28)
(4.97)
(5.84)
(8.39)

71.27
63.27
51.73
63.67
63.80

(4.64)
(7.02)
(8.71)
(7.07)
(6.34)

2.00
1.40
1.26
.59
2.71

The pretest means and standard deviations are listed first, followed by posttest means and
standard deviations. The pretest means ranged from 30.43 to 61.33, and the posttest
means ranged from 51.73 to 81.43.
A cursory inspection of the data suggests that there was no difference in the
performance o f individual classrooms within each group, but there was a difference in
pretest scores as compared to posttest scores. To confirm that there was not a significant
69
roduced with permission of the copyright owner. Further reproduction prohibited without permission.

difference between individual classrooms, a series of one-way ANOVAs were conducted
on each subtest. In each analysis, the factor was the classroom assignment, and each
subtest was the dependent variable. The analyses revealed that the effect of classroom
was not significant for either the pretest or the posttest scores. Because no differences
existed among the classrooms, the data were collapsed across classrooms for further
analysis. The means and standard deviations of the collapsed data are shown in Table 2.

Table 2. Comparison of Pretest and Posttest Means (SD) Collapsed Across Classrooms
at the Intervention School on The Phonological Awareness Test.
Subtest

Pretest (n=43)
Posttest (n=43)
Mean (SD)
Mean (SD)
65.35(2.79)
Rhyming
60.60 (3.83)
67.65 (3.62)
Segmentation
47.14(4.15)
40.28 (4.86)
60.23 (3.95)
Isolation
61.44 (3.84)
Deletion
39.09 (4.27)
69.21 (3.79)
36.44 (4.46)
Blending
* pretest-posttest difference is significant at p<.05 level

t value
-1.29
-4.46*
-5.41*
-8.22*
-7.58*

As is evident in Table 2, the mean scores for each subtest increased from pretest to
posttest. To determine if this increase was significant, a series of paired-sample t tests
were conducted comparing the pretest and posttest scores on each phonological
awareness subtest. The results show that the mean scores on the rhyming subtest did not
significantly differ from pretest to posttest. For all of the remaining subtests, however,
including segmentation, isolation, deletion, and blending, the mean score on the posttest
was significantly greater than the mean score on the pretest. Thus, the intervention led to
an improvement in phonological awareness abilities, with the exception of rhyming.
Figure 1 shows the increase in scores on each subtest, from pretest to posttest, for the
averaged data.
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Figure 1: Pretest and Posttest Mean Scores at the Interv ention School on the Five
Subtests on The Phonological Awareness Test.
100

-T----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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S u b te s ts

The pretest and posttest interval was 8 months. To determine if the increase in the
subtest scores was greater than would be expected from typical maturation, the percentile
scores were compared to standardized test data. Gillon (2005) used a similar procedure,
comparing phonological awareness scores to the normative sample provided by the test to
illustrate growth exceeding predicted normative levels. The statistical manual that
accompanies The Phonological Awareness Test (Robertson & Satler, 1997) provides
normative data for children ages 5-years, 0-months through 9-years, 11-months for each
subtest included in the test. The normative sample represents white, black and Hispanic
children of lower, middle and upper socioeconomic status. A series o f independent
samples t tests were conducted to compare the observed means on each subtest (n=43) to
the mean of the standardized data. A significant difference between the normative mean,
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which is 50, and the observed means indicates either a positive or negative deviation
from the test norm. Table 3 reports the pretest results.

Table 3. Comparison of Pretest Percentile Scores of the Intervention School on the Five
Subtests o f The Phonological Awareness Test to the standard mean percentile of 50.
Subtest
Mean (SD)
Pretest
Rhyming
60.60 (3.83)
Segmentation
47.14(4.15)
Isolation
40.28 (4.86)
Deletion
39.09 (4.27)
Blending
36.44 (4.46)
*significantly lower than means at p<.05 level
** significantly higher than means at p<.05 level

Difference from mean

t value

10.60
-2.86
-9.72
-10.91
-13.56

2.77**
-.69
-2.00
-2.55*
-3.04*

Table 4. Comparison of Posttest Percentile Scores of the Intervention School on the Five
Subtests o f The Phonological Awareness Test to the standard mean percentile of 50.
Subtest
Mean (SD)
Posttest
Rhyming
65.35 (2.79)
67.65 (3.62)
Segmentation
Isolation
60.23 (3.95)
61.44 (3.84)
Deletion
69.21 (3.79)
Blending
** significantly higher than means at p<.05 level

Difference from mean

/ value

15.35
17.65
10.23
11.44
19.21

5.50**
4.87**
2.59**
2.98**
3.85**

The intervention groups’ pretest performance on the rhyming subtest was
significantly higher than expected means, while performance on the deletion and
blending subtests were significantly lower than the mean score of 50. The mean scores
on the segmentation, and isolation subtests did not significantly differ from the
standardized test norms. Analysis of the posttest measures revealed a different pattern.
All subtest scores were significantly higher than the expected means, as shown in Table
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4. The analysis shows that the intervention groups’ pretest performance was the same as
or below the normative data on three o f the five subtests. The posttest means were
significantly higher than the expected means on all five subtests. These results indicate
that whereas the pretest scores on The Phonological Awareness Test (Robertson & Satler,
1997) were mostly at or below the expected means, the posttest scores exceeded levels
that would have been reached through typical maturation.
Thus, the students’ phonological awareness scores showed a significant increase
after the intervention program, with the exception of rhyming abilities. This increase in
phonological awareness abilities cannot be attributed to a particular classroom dynamic,
nor can it be accounted for by typical maturation.
Reading Assessment Results
An Observational Survey (Clay, 2006) was administered as a year-end measure of
reading abilities to all students in both the intervention and the control groups. The
subtest scores were converted to age-based standard scores (stanines). Table 5 shows the
means and standard deviations of the intervention and control groups on each subtest of
the survey. Figure 2 presents the same comparison in graphic form. As can be seen, the
students in the intervention group scored higher than those in the control group on all
subtests.
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Table 5. Group Mean (SD) Stanine Scores of the Intervention Group and the Control
Group for all Six Subtests of An Observational Survey.
Intervention Group
Mean (SD)
7.02(1.74)
Letter ID
7.58(1.62)
Concepts about print
7.30(1.68)
Word test
8.21 (1.25)
Writing vocabulary
7.56(1.92)
Recording sounds
7.44 (2.20)
Text level
*difference is significant at p<.05 level
Subtest

Control Group
Mean (SD)
6.40(1.75)
6.13(1.47)
6.06 (2.23)
6.52(1.56)
5.54 (2.50)
5.71 (2.54)

F value
5.97
13.65*
7.87*
6.08
62.38*
17.88*

Figure 2. Comparison of the Performance of the Intervention Group as Compared to the
Control Group on the Six Subtests on An Observational Survey.

Reading Subtests

*The hierarchial analysis revealed that children in the intervention group achieved higher
scores on 4 of the 6 subtests as compared to children in the control group.
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To determine if these differences are statistically significant, a 2 (Method) x 3
(Classroom) hierarchical analysis of variance (ANOVA) was conducted. The hierarchial
method of analysis determines the variance that is attributed to individual classrooms,
such as impact o f teacher, group dynamics, etc. This variance is then subtracted from the
overall variance. The calculated F ratio is based upon the remaining amount of variance,
which is attributable to the experimental condition (Myer & Well, 2003).
The analysis indicated that the scores of the intervention group were significantly
higher than the control group on four out o f the six reading subtests. The analysis of the
letter identification subtest failed to achieve conventional levels of significance
(F(l,4)=5.97, p>.05). That is, there was no difference in the number o f letters that the
students in the intervention group could name as compared to the control group. The
writing vocabulary subtest also failed to achieve significance, F (1,4)=6.08, p>.05,
indicating that both the intervention and control group participants were able to write the
same number of known words correctly. However, the analysis of the concepts about
print (F(l,4)=13.65, p<.05), the word test (F(l,4)=7.87, p<.05), the recording sounds in
words (F(l,4)=62.38, p<.05), and the text level (F(l,4)=17.88, p<.05) subtests all
achieved significance. This result indicates that the students in the intervention group
were able to identify elements of book reading at a higher rate than students in the control
group. The intervention group was also able to read more single words and record a
greater number of sounds heard in words accurately, as compared to the control group.
Most importantly, the students in the intervention group were able to combine all of these
skills in actual text reading, as evidenced by significantly higher text level scores.
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The analysis of the reading subtests shows that, taking into account possible
individual classroom differences, the students participating in the intervention group
achieved significantly higher scores than students in the control group on four o f the six
reading subtests.
Spelling Assessment Results
The Developmental Spelling Test (Gentry, 1982) was administered to all students
in both the intervention group and the control group as a pretest and posttest measure of
spelling ability. This test has a range of possible scores from 0 to 50. Table 6 shows the
means and standard deviations of the spelling pretest and posttest scores for the
individual classrooms. The means of the classrooms at the intervention school range
from 10.75 to 12.94 at pretest to 31.63 to 33.57 at posttest. At the control school, the
means vary from 19.17 to 22.38 and from 26.57 to 28.10 on the pretest and posttest,
respectively.

Table 6. Mean (SD) Pretest and Posttest Scores on the Developmental Spelling Test for
each o f the Three Intervention and Control Classrooms.
F value*
Mean (SD)
2
(n=14)
l
(n=14)
3
(n=15)
Intervention
.47
12.94(6.12)
11.04 (5.55)
Pretest
10.75 (7.95)
.34
31.63 (8.74)
Posttest
32.82 (5.97) 33.57 (3.08)
Control
Pretest
Posttest
*none is significant at p<.05

5 (n = 14)
19.17(8.92)
26.57(10.61)

4 (n=17)
22.38 (8.29)
27.62 (6.65)

6 ( n = 15)
21.77 (8.67)
28.10(8.38)

.54
.10

A visual analysis of Table 6 suggests two conclusions. First, children in all
classrooms showed improved spelling scores from pretest to posttest. Second, the
relative performance of the two groups (the collective classrooms in the intervention or
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control condition) differs at the two testing periods. These differences in performance are
shown in Figures 3 (pretest scores) and 4 (posttest scores). As is evident, the pretest
scores for the intervention group are lower than the scores for the control group. For the
posttest, the opposite is true.
Figure 3. Means and Standard Deviations of Pretest Spelling Scores for the Intervention
Group (classroom 1-3) and the Control Group (classroom 4-6).

Figure 4. Means and Standard Deviations o f Posttest Spelling Scores for the Intervention
Group (classroom 1-3) and the Control Group (classroom 4-6).

1

2

3

4

5

6

Classrooms
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It does not appear as though there was a difference in mean scores within each
group. That is, classrooms 1, 2 and 3 appear to have achieved similar scores on the
pretest and posttest and the same is true of classrooms 4, 5, and 6. An analysis of
variance (ANOVA) was conducted to determine if significant differences existed among
mean classroom scores within each group. Four analyses were conducted. First, the
pretest scores for classrooms at the intervention school were compared. Next, the
posttest scores for the intervention school were compared. The same was done for the
control school. As the F values in Table 6 indicate, none of the comparisons was
significant.
The next step was to determine if the increases in spelling scores were significant
for the two groups. Paired-sample t tests were conducted comparing the pretest and
posttest means at each school. The results show that students at both the intervention
school (7(42)=-23.15, CK.05), and the control school (7(46)=-8.40, p<.05) made significant
gains in their spelling ability from the pretest to the posttest. The observed gains
appeared to be unequal, however.
A hierarchical analysis of variance (ANOVA) was conducted on the pretest scores
and the posttest scores to determine if both sets o f scores differed. This method of
analysis was chosen because it accounts for variance due to individual classrooms, and is
considered to be a more conservative analysis as compared to analyzing collapsed data.
The result of the hierarchical ANOVA is summarized in Table 7. This analysis confirms
a significant difference in both pretest and posttest scores. Given this discrepancy, an
analysis of co-variance (ANCOVA) was conducted to determine which group made
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greater gains. In this analysis the pretest means were used as the co-variate, thus
accounting for pretest differences and the posttest means were the dependent variable.
Table 7. Comparison of Spelling Pretest and Posttest Mean Scores for the Intervention
and Control Groups. Difference value refers to the amount of change from pretest to
posttest for each group.

Pretest
Posttest

Intervention Group (n=43)
Mean (SD)
11.60 (6.52)
32.65 (6.33)

21.05
Difference
*significant at p<.05 level

Control Group (n=46)
Mean (SD)
21.21 (8.53)
27.46 (8.40)

F ratio (df)
66.7(1,4)*
56.64(1,4)*

6.26

64.00(1,2)*

The ANCOVA indicated that the increase in scores from pretest to posttest was
significantly greater for the intervention group than for the control group. Figure 5
illustrates the significant difference in pretest to posttest scores for both groups, and the
significant increase in scores for the intervention group as compared to the control group.
Thus, following phonological awareness training, the intervention group showed
significantly more growth in spelling abilities as compared to the control group.
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Figure 5. Spelling Pretest and Posttest Mean Scores for the Intervention Group and
Control Group.

Effect Size
Effect size post hoc analyses were conducted to determine if the significant
differences between the intervention group and control group may generalize to a larger
population. Effect size was calculated for the four reading subtests that reached a level of
significance (p<.05). The omega squared statistic (co2) is a calculation o f effect size that
quantifies the amount of variance that is due to the independent variable (Young, 1993).
An effect size of 0.2 is considered to be a small effect, 0.4 a medium effect and 0.8 a
large effect (Cohen, 1988). The effect size for concepts about print was to = 0.41,
recording sounds in words was co2= 0.77, word test was co2= 0.28 and level of text reading
was co2= 0.48. Thus, the effect size ranged from small to large depending on the subtest.
Partial eta squared was calculated for the spelling scores. A partial eta squared
(tj2) is used to calculate effect size on repeated measures design (Young, 1993). To
accurately account for the variance between the groups, an analysis of co-variance
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(ANCOVA) was conducted. The effect size was calculated to be tj1= 0.59, or a medium
effect.

Summary of Results
Students who received the embedded phonological awareness intervention
showed increases in phonological awareness abilities. The students’ reading and spelling
abilities significantly increased after the intervention as compared to a control group.
Significant gains were measured in each of three areas.
1.

The intervention group showed significantly higher scores from pretest to
posttest on measures of phonological awareness abilities. Growth in
phonological awareness skills was greater than would be expected through
typical maturity, as evidenced through a comparison to standardized data.

2.

Students in both groups showed significant increases in spelling scores from
the onset of the study to the end of the school year. The intervention group,
however, showed significantly more growth in spelling abilities and achieved
higher posttest spelling scores than did the control group.

3.

Students receiving the intervention also outperformed the control group in
reading ability as measured by the end of the year reading assessment. The
intervention group scored significantly higher than the control group on four of
six reading subtests, including the measure of overall text level reading.
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CHAPTER V
DISCUSSION
Comparison to Previous Research
Phonological Awareness
Many studies have found that phonological awareness training improves
phonological awareness abilities (Bradley & Bryant, 1983; Gillon, 2005; Kjeldsen,
Niemi, & Olofsson, 2003; Lundberg, Frost & Peterson, 1988). The results of this study
replicated those findings, with two notable differences. The first is that in this study
children who received phonological awareness training did not show improved rhyming
abilities. The second difference is that students in this study showed greater overall gains
in phonological awareness abilities following training than students in previous studies.
In the present study, sound segmenting, isolation, deletion and blending all
improved from pretest to posttest. However, in contrast to numerous other studies,
rhyming abilities did not improve. There are two possible reasons for the lack of growth
in rhyming abilities in the present study. First, it was observed that many o f the
kindergarten students began the study with strong rhyming skills. This is not surprising,
given the research of Lonigan, Burgess, Anthony, and Barker (1998) who noted that
rhyming is a skill that would be expected o f kindergarten aged children. The high initial
rhyming scores in the present study interacted with the scoring method to produce an
apparent lack of progress. For example, because standardized percentile scores were
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used, based upon age levels, a 5-year 4-month old child who achieved a raw score of 17
would receive a standard of 77. If the same subtest was administered to the same child 8
months later, and the child received a 19, the percentile achieved would be a 74. Thus,
there is a decrease in standardized scores, even though the child performed more tasks
correctly. Other researchers studying phonological awareness in 6- and 7-year old
children also have noted this problem for rhyming tasks (Lundberg, Frost & Peterson,
1988; Yopp 1988).
Second, the lack of improvement in rhyming abilities may also be due to a
developmental change. Students were asked to provide a rhyme for a given word. The
directions to the students were to “tell me a word that rhymes with bat," for example
(Robertson & Salter, 1997). According to test instructions, nonsense words are
acceptable responses. Two of the stimulus words, wrinkle and monkey, have a limited
number of true words that rhyme with them. In eight instances, students initially
provided a nonsense word as the rhyme for the one of the words. At the posttest, the
students did not respond. It may be that as students develop literacy skills and attach
meaning to words, they are less willing to accept a nonsense word as a correct response.
Thomson, Crewther and Crewther (2006) report a similar phenomenon. They studied
real word and nonsense word reading in children. They found that in young children
there was no difference in real word reading scores and nonsense word reading scores.
As the children’s reading abilities increased, however, a significant divergence was
noted. Real word reading scores increased, whereas nonsense word reading scores
decreased.
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The second difference between this study and others was the amount of overall
growth in phonological awareness abilities shown by the students. In the present study,
students who received the embedded phonological awareness intervention scored higher
than expected on a test of phonological awareness. Initially, students scored at or below
standardized norms. After training, the students’ phonological awareness scores
exceeded the expected normative scores. In addition to achieving higher than expected
overall scores, only 6.5% of students in the study failed to achieve scores within the
average range, as defined by scores falling one standard deviation above or below the
mean, Torgesen, Wagner and Rashotte (1994) found that as many as 30% of students fail
to achieve phonological awareness abilities that are within the normal range following
training. This pattern was not evident in the present study.
Reading
It is generally accepted that phonological awareness training improves word
decoding abilities (Blachman, Tangel, Ball, Black & McGraw 1999; Castle, Riach, &
Nicholson, 1994; Kjeldsen, Niemi & Olofsson, 2003). Word decoding is the ability to
sound out words and is a component of the overall reading process. However, strong
word decoding ability does not necessarily lead to strong reading abilities. In order to
make well supported general claims about improved reading abilities, outcome measures
need to encompass several aspects of reading, especially actual text reading. This study
measured broad-based reading skills, including both word level reading and text level
reading.
It was anticipated that the intervention group would show improvement in word
decoding only, but instead improvement in several reading areas was observed. Most
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importantly, in contrast to other studies, text level reading improved in students who
received intervention (Castle, Riach, & Nicholson, 1994; Hayes, Warrier, Nicol, Zecker
& Kraus, 2003; Hurry & Silva, 2007). This result indicates that the intervention group
was able to apply learned phonological awareness skills to the overall reading process.
Students receiving the embedded phonological awareness intervention were able to
generalize the skills learned beyond isolated word decoding, thus achieving greater levels
of text reading.
Evidence of generalized skills came from the subtests of An Observational Survey
(Clay, 2002). Students receiving the intervention outperformed the control group on all
six reading subtests. In the case of the letter identification and writing vocabulary
subtests, the intervention group scored higher than the control group, but results were not
significantly different. Therefore, growth in these two areas could not be attributed to the
phonological awareness training alone. This was not a surprise, given the fact that letter
identification is a skill that is systematically taught to all kindergarten students in the
school district. The non-significant findings on the writing vocabulary subtest were
expected as well. This is an open-ended writing task that is designed to provide evidence
of a child’s ability to notice visual differences in print. Given the fact that phonological
awareness training focuses on hearing sounds in words, there is no reason to believe that
it would impact a visual writing task.
The gains in the remaining four reading subtests were all significantly higher in
the intervention group than in the control group. Most notably, the intervention group
showed significantly higher scores on the word level and text level subtests as compared
to the control group. The word reading list contained both words that could be
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phonetically decoded (phonetically consistent words) and irregular words that could not
be (phonetically inconsistent words). Previous studies have shown conflicting results
comparing phonetically consistent and inconsistent word decoding (Defior & Tudela,
1994; Ball & Blachman, 1991) and increased text level reading has not been shown at all
(Castle, Riach, & Nicholson, 1994).
Spelling
Two interesting conclusions emerge from the spelling test results. The National
Reading Panel (2000) reported that phonological awareness instruction helps typically
developing children leam to spell, but the evidence in the literature does not show that it
will help children who are at risk of developing reading problems or who have a
diagnosis of reading disabilities leam to spell (Hayes, Warrier, Nicol, Zecker & Kraus,
2003). In the present study, spelling abilities improved in all children who received
training, including those at risk for reading disabilities. This evidence suggests that all
children can benefit from phonological awareness instruction within the regular
classroom setting.
In addition, in this study phonological awareness training was found to improve
general spelling abilities. This finding is an extension of other studies, which have shown
improved spelling abilities following phonological awareness training (Ball & Blachman,
1991; Defior, & Tudela, 1994; Lundberg, Frost & Peterson, 1988). The outcome
measures used to quantify gains in these previous studies were largely phonetic in nature.
That is, the studies used phonetically consistent words or pseudowords that can be
accurately spelled according to the sounds that are heard, such as stop or blat. The
English language contains a multitude of words that are not phonetically consistent, such
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as light or eagle. Studies that have measured performance on measures o f spelling
phonetically consistent pseudowords, phonetically consistent real words and irregular real
words (Castle, Riach & Nicholson 1994; Torgesen et al., 2001) report that groups trained
in phonological awareness are able to spell phonetically consistent pseudowords more
accurately than a control group. They do not report a difference when spelling regular or
irregular real words, however, and therefore do not report generalized improvement in
spelling. In contrast, in the present study the experimental group scored higher than the
control group on both phonetically consistent and irregular real words. This was apparent
from two sets of data. The first was scores on the sentence dictation task, which includes
both phonetically consistent and irregular words, and the second was on a single word
spelling measure containing both types of words. This evidence suggests that a
phonological awareness approach that is embedded in literacy produces gains in spelling
that are beyond the reach of phonological awareness training alone.
Efficacy o f the embedded phonological awareness approach
One can speculate that the growth in spelling and broad-based reading skills
found in this study, but not shown in others, may be attributed to the embedded
phonological awareness approach that was implemented. This specific model has not
been previously studied. It is reasonable to attribute the increase in general spelling and
broad-based reading scores to this hybrid of systematic and non-systematic phonological
awareness intervention. Teaching phonological awareness using the embedded approach
incorporates actual text and shared reading, or reading books aloud to children. Each of
these elements has been shown to promote the development of language, print concepts
and letter recognition (Snow, Bums & Griffin, 1998; Whitehurst & Lonigan, 1998). It is
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probable that the unexpected result of the intervention group’s significantly higher scores
on the concepts about print subtest to shared book reading even though print concepts
were not specifically taught or modeled in a systematic way.
Students in this study also showed a generalized improvement in spelling abilities.
The gains were not limited to pseudowords or phonetically consistent real words, as has
been previously demonstrated in most studies (Castle, Riach & Nicholson, 1994;
Torgesen et al., 1999). The widespread spelling improvements made by the intervention
group may be attributed to the embedded approach of teaching phonological awareness,
as well. It may be that the added exposure to the visual representation of words that
occurs during shared reading helped to facilitate overall gains in spelling abilities.
Limitations of the study
This was a retrospective study and was limited by the constraints of this type of
research. In particular, there was a lack of control over the selection, administration, and
scheduling of assessments. In addition, there was only partial control over the selection
of the participants. Ideally, a prospective, randomized experimental design would have
been implemented. Half of the children in each classroom would have been randomly
assigned to an intervention group and the other half would have served as the control
group.
The study was conducted as a retrospective study because the implementation the
intervention program provided an excellent opportunity to study the effects o f an
embedded phonological awareness program in an actual classroom setting for an entire
year. Although random assignment into control or intervention groups was not used, two
strategies were employed to assemble groups of similar composition. The first was to
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identify variables that impact literacy achievement (class size, demographics and history
of reading achievement) and to select a control school to match the intervention school
regarding these factors. The second was to use a hierarchial approach when analyzing
the data. This is a method of data analysis that statistically accounts for variance due to
classroom setting (Myers & Wells, 2003).
The use of retrospective data did not allow for the selection of specific assessment
tools, or the frequency of testing. All assessment measures were selected by teachers and
administrators within the public schools. The Phonological Awareness Test (Robertson
& Salter, 1997) was administered at the intervention school as a pre- and posttest to
measure growth in phonological awareness skills. This test was not administered at the
control school. Therefore, the pre- and posttest comparison between the experimental
and control school could not be made. The phonological awareness measure is a
standardized test, however. The data were analyzed by comparing performance of the
intervention group to the normative data, rather than to the performance of the control
group. A similar limitation occurred with the reading measure. Ideally, pre- and posttest
reading measures would have conducted to control for initial reading levels. An
Observational Survey (Clay, 2002) is usually administered only as an end o f year reading
assessment because it is generally felt that students’ initial encounter with a reading task
should not be an unsuccessful event. Most students enter kindergarten with little or no
reading experience. For this reason, the test is not administered until the end of the
school year.
The results of this study were limited to data that could be extracted from tests
chosen by the teachers, not the researcher. The tests examined a large subset of skills,
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however, and provided a reasonably comprehensive picture o f spelling and reading
abilities. Still, it would have been interesting to measure other variables, specifically in
the area of language, that are known to impact reading and spelling abilities, such as
vocabulary. Using authentic assessments (those used in the schools) also had benefits,
however. Students’ performance on these measures informs educational programming
and are used to qualify students for specific reading programs.
Studies conducted in educational settings present greater challenges than those in
a laboratory setting. Gay (1996) notes that the rigid controls that can be established in a
laboratory are virtually impossible in an educational setting. He cautions that studies
conducted in laboratory settings are difficult, if not impossible to replicate or generalize
to an educational environment. Research conducted in an educational setting is needed to
improve student learning and to solve educational problems.
Conclusions
The results of this research demonstrate that classroom-based phonological
awareness instruction can be a successful training model. The findings o f this study were
in accord with other researchers who have shown that phonological awareness training
improves phonological awareness abilities, word decoding and spelling phonetically
consistent words. Three elements were unique to this study and add novel findings to the
substantial phonological awareness research. They include evidence of text level reading
gains, a classroom-based approach and use of embedded phonological awareness
intervention.
This study showed that text level reading also can be improved by phonological
awareness training. This result differs from previous studies that have failed to show
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broad-based improvement in reading (Castles, Riach & Nicholson, 1994). The model of
intervention and the model of instruction may be responsible for the observed increases.
Historically, phonological awareness training has been delivered to small groups
using a pull-out model (Bradley & Bryant, 1983; Castle, Riach & Nicholson, 1994;
Torgesen et al., 1999). This model requires additional personnel to provide the
intervention and therefore is cost prohibitive for many schools. It also requires children
to be removed from the regular classroom setting for a certain period. Researchers have
suggested that phonological awareness training should be integrated into regular
classroom instruction (Agnew, Dorn & Eden, 2004; Ziolkowski & Goldstein, 2008).
The present study was able to provide evidence that classroom-based training can be
successful. In this study, kindergarten students who received an embedded phonological
awareness program twice a week, for twenty minute sessions, scored higher on spelling
and reading assessments than a control group. Students also showed greater than
expected gains in phonological awareness based upon normative data.
Justice and Kaderavek (2004) claim that it is possible to embed phonological
awareness training into shared book reading to increase literacy skills. This assertion was
supported by the present study. Students who received the embedded phonological
awareness showed significant gains in word and text level reading. Other elements of
reading also improved, including concepts about print and recording sounds in words.
Using the embedded phonological awareness approach also led to improved spelling
abilities for all children, including those at risk for reading difficulties. This finding is in
contrast to the NRP’s report (2000) that stated gains in spelling abilities following
phonological awareness training were limited to typically developing children.
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Further research is needed to determine if the initial gains observed by the
intervention group will be maintained over time. A follow-up study should be conducted
to study the long-term effects of this program.
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APPENDIX

Lesson Plan
Target Area: Rhyme awareness
Book: Goodnight Moon by Margaret Wise Brown
Objective: Matching rhyme pairs/ repetition of rhyme patterns
Activity:
1. Read the book, emphasize the rhyming words.
2. Draw a large outline of a house with closing doors and place up on white board.
3. Illustrate the pair of rhyming words on cards.
4. Give each student a card.
5. Students are instructed to find their rhyme partner. They say their word aloud
while looking for the student with the rhyme match to their card.
6. When everyone has found their rhyme partner, verify by checking aloud. Each
pair reads their words for the rest of the class to hear.
7. Finally, the whole class repeats the rhyme aloud again when each student places
the rhyming words into the house, closing the door and repeating,
“Goodnight___________
a. For example, Goodnight house, goodnight mouse.

Lesson Plan
Target Area: Syllable awareness
Book: Going to the Zoo by Tom Paxton
Objective: Segmenting words into syllables
Activity:
1. Read the book to the class.
2. Give each child a picture of an animal (of varying syllable lengths)
a. For example, tiger (2), alligator (4)
3. Draw 5 separate cages, each labeled with a 1, 2, 3, 4, or 5.
4. Students are asked to label their animal and clap the syllables.
5. Students then “put the animal in the cage” that reflects the appropriate number of
syllables they hear in the word.
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